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DESCRIPTION AND TEST ee A ae SCREW 
PUMP. 


By Liev't.-Compr. w: R. Purnerz, U. S. N. 


Tests of the Quimby Screw Siw to determine its suitability 
for use in the Naval Service as'a high pressure fuel oil service 
pump were’ conducted at the Fuel Oil Testing Plant, Navy 
Yard; Philadelphia, Pa. 

The pump tested was supplied by the Wm. Quimby, In- 
corporated, 209° Parkhurst Street, Newark, N. J., the sole 
manufacturer.’ It was of standard make, especially’ designed 
for high pressure work arid listed as No, 814 High Pressure 
Fuel Oil Pump: ‘It was directly connected to a 15-horsepower 
$00-1,450 revolutions per minute) 230-volt, D.C:motor. 

‘The general assembly of ‘the pump with motof, or turbine, 
direct drive'is shown in Figure 1 and Figure 2, and the details 
of construction ‘in Figures’ 3 and 4: 

The four screws that act as pistons’ in propelling thie oil 
through the pump chamber are mounted in pairs on parallel 
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shafts, and are so arranged that in each pair the thread of the 
screw projects to the! bgttopf df|the!spard between the threads 
of the opposite screws. ‘The screw threads have flat faces and 
peculiarly undercut sides; the width of the face and base of 
the thread ’ being one-half the pitch. | Sufficient cleatante /is 
left between the screws and the cylinder wall, and between the 
faces of the intermeshing threads to allow a close running fit 
without actual contact. 

The suction connection shown at “‘S,” Figure 1, can be made 
on either side of the pump, and opens into a suction chamber 
underneath the pump.cylinder. The oil passes through this 
chamber to the two ends of the cylinder where it is trapped 




















Fic. 3. 


by..the screws and forced from the. two ends towards the 
center discharge chamber by. the action, of the two pairs.of 
intermeshing threads. Each revolution of the pump delivers 
positively the contents of: the) space between. one convolution 
of each of the threads less only the small.amount due to. clear- 
~ ance: between. the screws, and, between.the screws and. the 
cylinder, _The discharge connection is shown. at ‘“ D” in the 
top of the cylinder, The discharge connection .causes the 
back pressure of the discharge to. be delivered against | (the 
middle: of the cylinder. and eliminates end thrust of the screws 
in their. bearings, due to the fact that the endwise pressure upon 
the screws in one direction is..exactly, counter-balanced. by a 
like pressure. in the opposite direction. 
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The power to drive the pump is applied directly to one of 
the shafts and ‘ee ne avine is even by means of a Pair 
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anid the-discharge,pt p essure.. Cay acit 


gauge: . ele lel 
installs sities Pon pee tenn 
i pi da 1% inch di Being: It was 
directly ‘connected tora: 15-horsepowe - variable speed motot, the 
efficiency of which was ‘takers as aclaace and considered 
constant, z 


The asia eaitieed ray capacity, effi eniey “aad vo a 
sure, The suction was taken fromia 450-gallon. ‘supply tank and 
the pump discharged through two oil ‘meters in series and a 
throttling valve’ into’ two’ weighing tanks) -A” caliprated: volt- 
meter and ammeter were used to indicate the power suppliet. 
to the motor, © > > 

hie acries oF fests wets ide mmdet-yarying speeds and 
pressures as shown’ by the curves... The discharge: pressure 
variation was from 100. to 450. pow d s, per square-inch ‘gauge 
and” the; speed’ >variation from 7A" to, L210” revolutions “per 
minute. The first tests were conducted with te is 











‘each screw. After the first series the screws were removed - 
and the number of threads was reduced to eight. 
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648 DESCRIPTION AND TEST OF A QUIMBY SCREW PUMP. 
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calibrated” c oi meter and checked 
meter,” Pressure ‘e| gauges wereinstalled:o ony the suction an dis- 
chatgelines@g-néar the pump as possible. : Thermometers were 
located in°suctién and discharge dines adjacent to the pump to 
indicate the tise in temperattire‘of the oil, across the ‘pump. The 
speed of the: pump was: determined ‘by: ‘a ret TE reyolit- 
tidn counter and a rate cat 
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Figure 5 is a summary. showing results Ky the different 
test runs; Figure 7 is a data ran selection from tests at) dif. 
ferent_pressutes..to show. the. consistent performance. of the 
puttip, The latter results have not. ‘pets vedio for tmeter 
errors, 

Figtires 8 and9 show ie IspbesSveapbbily tests at different 
pressures before and after: applying) ee tat of_ oil | cor- 
reetion. 
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FIG. 9. 
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Discharge From Fimp. GPI7T 







FIG. 10. 
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Figure 10 shows comparative curves for. speed—capacity 
at the same pressure with oil of the same viscosity from results 
se¢ured before and after reucing the screws from, ten to 
eight threads, 

Figur@e11 gives the viscosity curves ae the oils used aying 
#eries of tests. : 
es 13 and 14 are curves a jap elticteaer and iced 
if erent pressures, the first being plotted from the ree 
@itied previous to the shortening of the screws, and 
cond after the screws were réduced to eight threads. 

Son of the two will show that the removal-of the two 
threads Hesulted in a slight loss of ‘efficiency at the higher 
pressures” but produced a marked gain over the usual range 

king pressures. Temperature corrections were not ap- 
plied to these curves due to insufficient data at the different 
speeds: and pressures and this sp: cal for the different 
characteristics shown. 

In addition to the above tests th pump was te to a 
service test and has been in frequent use as a fuel oil service 
pump during boiler evaporative: tests conducted at the plant 
over a period of three and one-half years. A maximam test 
pressure of 540 pounds was built up in the pump and held for 
a period of ten minutes. During this time the pump gave no 
indications of laboring or overheating. 

Improvements in this type of punip have recently been 
made which materially increase their efficiency, as shown by 
the results of tests made on the pumps for the Battleships 
Iowa, North Carolina, South Dakota, North Dakota, Indiana 
and Massachusetts. 

The discharge pressure is absolutely. steady over the range 
of pressures which is a vital operative essential to the efficient 
burning of fuel oil. No air banks or chambers are necessary 
on the discharge lines. A vacuum of 26 inches is easily ob- 
tained upon the closing of the suction valve. The pump has 
never lost its suction nor failed to pick it up on starting when 
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the viscosity of the oil being pumped has been such as to allow 
a velocity of flow in the suction Pipe — to the sag gr 
of the pump! i001 LOY 

Oils of varying specific eisieg ranging from 10.8 degrees 
Baumé (0.9944 specific gravity) to 32 degrees Baumé (0.8654 
specific gravity) have been pumped with no other adjustment 
than the setting up or slackerling off of stuffing box glands. 

The pump: has’ required’ ‘no’ repairs’ during’ the three and 
a half years of ‘its use other-than the occasional renewal of 
the soft packing: in, the,/shaft’ stuffing’ boxes and requires! no 
attention during working periods | except) the oiling: of driving 
gears, The,:wear onthe (pump. after: the’ above a of 
service, is mot perceptible. 

The pump is very compactly, and tigidly ice andi is Noise+ 
less during, operation except’ for the slight ;hum octasioned by 
the driving. gears... ‘These characteristics \ together: with' the 
steady discharge préssure and, readiness | of| taking «suction par- 
ticularly,adapt.this type of pump’ to, the conditions:existing!' on 
board: Naval: vessels which require an: efficient and! reliable: fuel 
oil service pump. IS 9 
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MACHINING PROJECTILE FORGINGS: 
NAVY YARD, MARE ISLAND. 
By ComMANDER F. J. Cigéary, U. S. Navy, MEMBER, ° 
AND 
QuUARTERMAN Macuinist F, P, Kruse. 





The following description of machining 3-inch and 6-inch 
projectile forgings, it is believed, will be of interest because 
of the low manufacturing costs obtained. ‘While the number 
of projectiles machined was minute compared with war éx- 
penditures, the plant produced maximum output for minimum 
expense. It was a complete, well balanced unit with no lost 
motion, capable of a tremendous increase of output by the 
simple process of duplicating the units, 

In September, 1915, the Bureau of Ordnance addressed an 
inquiry to the Navy Yard, Mare Island, requesting ‘estimates 
of time and cost for machining 

10,000 6-inch forged steel common projectiles, 
40,000 3-inch forged steel common projectiles, 
the rough forgings and rough rotating bands to be furnished 
by the Bureau. 

The Mare Island estimates were as follows: 

10,000 6-inch forged steel common projectiles: 


Labor o8 8. BY $42,733.00 
dndirett 3035105 6 i660 11,367.00 
Miao occ ins 1,800.00 

TE i cae $55,900.00 

40,000 3-inch forged steel common projectiles: 
Ler Sa ea $54,588.00 
Indiréct 23.500 08.0. 15,012.00 


Material .........., 
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These estimates were based on the actual cost of some'small - — 
orders for projectiles which had been previously undertaken at 
Mare Island and contemplated handling the projectiles. in the 
machine shops: where the usual. line of work was in progress. 

On, the basis of these estimates the Bureau allotted to Mare 
Island 10,000 6-inch and 40,000 3-inch projectiles. 

These orders wete completed and all projectiles accepted 
and shipped. The total actual costs were: 


10,497 6-inch forged steel common projectiles : 


Se OL $22,045.72 

Indirect ........0... 6,127.57 

Material ........... 4,615.86 

Total ....... -. . $82,789.15 
Unit Navy Yard cost per projectile................. $ 3.12 
Unit cost rough projectile, base plug and band........ $11.36 

41,467 3-inch forged steel common projectiles : 

Tie i $10,563.60 

Indirect ..03. 5.2... : 2,940.83 

Matérial 2.0... 2 604: 1,231.57 

Woah cesis bs 45: $14,736.00 
Unit. Navy Yard cost per projectile.......... aaa ek $0.36 
Unit cost rough projectile and band.............0... $2.18 


These labor, indirect and: material costs include the manu- 
facture of all necessary tools, jigs and gauges, grommets and 
canvas protecting bands, painting the projectiles, the manufac- 
ture of a stamping press for stamping the bases of the pro- 
jectiles, the manufacture of a double splindle boring machine 
for boring the 6-inch projectiles and complete overhaul of all 
machine tools (after the completion of the work), putting them 
in first-class condition for any other work. 

The difference between the actual and estimated costs is due 
to the fact that a careful study was made of the subject, and 
that the layout of machines, the design of tools, jigs and 
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fixtures; the routing of the work and the handling of material 
and personnel were the results of intelligent thought, thorough 
preparation and coordination. 

Before the receipt of any material it was decided to assemble 
all necessary tools in a separate building thus making the pro- 
jectile shop an independent activity. 

Three special machine tools were provided. These’ were a 
hydraulic press for banding 3-inch and 6-inch projectiles, pur- 
chased from the Rochester West Tire Setter Company; a 
stamping press designed and built at the Navy Yard, and a 
double spindle turret lathe for boring the cavities of the 6-inch 
projectiles, also designed and. built at the Navy Yard. This 
special purpose turret lathe was a necessity for the reason that 
there were only two machines in the machine shops capable of 
the work of boring the 6-inch forgings; one, an old single 
spindle Bement-Pond turret lathe; the other, a new 84-inch 
Cincinnati Bickford radial drill. The Pond turret lathe was 
needed for finish facing, reaming and counterboring the base 
and turning and forming the copper rotating bands of the 
6-inch projectiles. The 84-inch radial was the only radial in 
the shops capable of driving a high speed drill and as its. use 
averaged not less than six hours per day (8-hour day) it could 
not be considered available. With these exceptions’ all ma- 
chine tools used were selected from the machine: shops: and 
fitted with turret tool heads, radius turning attachments, knurl- 
ing devices, expanding chucks, pot chucks, limit stops, ete: An 
oil fuel furnace was built for heating rotating bands. 

The cutting tools, all of high speed: steel, were standardized 
for each operation of each machine tool—the operators not 
being permitted to grind or to change the shape of any. tool. 

Spare sets of boring bars, reamers and all other: cutting 
tools were kept at each machine. Used cutting tools were col- 
lected daily and reground tools distributed, making it unneces- 
sary for the operators to leave their machines. 
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In addition, where parts of machine tools were known to be 
weak, spares were kept on hand so that the lost time due to 
breakdowns was reduced to a minimum. With one or two ex- 
ceptions, the men employed were. selected from helpers em- 
ployed in the various trades in the Navy Yard. With proper 
teaching and by the use of limit stops and gauges, men with 
very little previous knowledge of machinery developed into 
good operators in a week and were capable of producing the 
maximum output from their machines at the end of one month. 

Owing to the “leave-with pay” situation, it was necessary 
to carry several additional men onthe shop rolls, These men, 
while usually engaged in other work, were all trained as sub- 
stitutes at some of the machine tools, so that a relief operator 
was always available if the regular operator was absent for 
any reason. In-this way each machine tool produced a full 
day’s output every day. 

Continuous tables were built at the height of the work level 
of the machines, obviating the lifting of wcrk from the floor 
at each machine; swinging davits with tougs and lever and 
other labor saving devices were provided: machine tools were 
placed in order of sequence of operation ; the rough projectiles 
entered one end.of the shop and the finished product was 
shipped from the other end. By these methods all the oper- 
ators’ energy and time were devoted to productive labor only 
and no\time was lost or confusion caused by supply lines to 
machine tools crossing each other. 

The 83-inch and 6-inch projectiles were machined at the same 
time, the 6-inch projectiles being handled on the east side of 
the shop, the 83-inch on the west side. .The average number 
of men engaged in the manufacture of 6-inch: projectiles, in- 
cluding base plugs, banding, stamping, assembling, applying 
rope grommet and canvas protecting band and shipping was 
14; of these, 11 were employed in machine operations. The 
average output per eight-hour day was 60 finished projectiles. 
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The average number of men engaged in the manufacture of 
3-inch projectiles was 11; of these, 8 were employed in ma- 
chine operations. The average output per eight-hour day was 
200 finished projectiles. 

Plate I and its accompanying table is a plan of the shop 
with the arrangement of machine.tools—the arrows show the 
lines of travel for both 6-inch and 8-inch projectiles. 

Plate II shows the sequence of machine tool a 
6-inch projectiles. 


Plate III shows the pe qiernie of machine toot operations 
6-inch base plugs. 


Photo 1 shows the side of the shop where 6- inch projectiles 
were handled. 


Photo 2 shows one side of the 3-inch projectile table with 
line of machine tools. 


There follow herewith detailed i meareeds of the more in- 
teresting operations : 


\ 


6-INCH OPERATIONS. 
_ 6-inch Operation No. I—Centering Point. ° 

The centering jig is bolted to the table of a drill press and 
consists of a cast iron housing,.a centering mandrel, and an 

opening and closing device fitted with balance weights. 
This operation is to center the-projectile with the center line 
passingthrough the point end and the base end°of the cavity 
(Platé V), the eccentricity in the walls of the forging: being 


tetnoyed from the outside, ene a fairly concentric Gwvity 
for boring, 


- The forging is placed in the jig /and slid ‘ick the ‘two 
tracks onto‘the Centering mandrel, the cavity is centered at the 
point end by the ball (Va) and atthe base end ‘by tliree’ dogs 
acting on a coned surface (Vb). “The jig is then closed. gem 
latched . ‘and the center drilled, 

This centering operation is very important. if the eae 
of the forging is centered-out of line with the point end of the 
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cavity it ‘makes the boring difficult:and will: cause eccentricity 
in 'the walls of the finished projectile: The centering jig was 
checked for perfect alignment ‘not’ less than twice: each week. 


This operation was — by one man—cost per’ forging 
$: 0063: 


 6-inch Operation No. 2—Rough Turning. 


For rough turning, two 48-inch Niles lathes were fitted with 
expanding mandrels, turret tool heads; knurling attachments, 
radius forming tracks, and special tool heads for radius turn- 
ing tools. In this operation the forging is rough turned to 
6 1/64 inches diameter, the base rough faced and the rotating 
band groove machined to size, and knurled. The band groove 
is not undercut in this operation. 

















o\ WAL UL 








N@ 
NY 
\ LLL WN 
ea = SSH SEEN Tre YU) Yl > 


ES PW we /// vw Uy Yl» tf 
WwW A Z SISSIES ES Yi Y- ‘ 
oy WAZA zy : 

ae ‘prt : 














PLATE ¥ 














A forging is*placed oti the expandifig: mandrel: by ‘the ‘use 
of the davit, ‘swinging lever ‘and tongs.” Thirty’ seconds’ is the 
average time used in removing a machined: forging’ and a 
ing a rough forging. 

The turret tool’ head (Plate VI)iis pebvidddd with tools tee 
four sub-operations: First, turn body (radius’ tool “turns 
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ogival ) ;.second;, rough face!/base; third,’ cut) band:groove to 
depth;; fourth, square sides of band groove to minimism width: 
The forgings, are rough turned) to the required diametersin 
two, euts; the cylinder turning and ogival turning tools are |Set 
at a fixed distance so that both tools commence and finish cut- 
ting at the same time. The cutting speed is 50 feet per minute, 


© 
. 


~) 


PLATE Et. 


depth of cut %-inch, feed .0937-inch. The band groove is 
scored by knurling. When the band groove is machined ready 
for knurling the carriage is moved toward the face plate until 
it brings up against a stop which properly locates the knurling 
attachment ; the attachment is pulled across on a track which is 
a part of the cross-slide of the turret tool head; the hook auto- 
matically drops into engagement with a pin under the lower 
bearing rollers, The knurling roll is then brought into contact 
with the band: groove by means of the screw and hand-wheel. 

Plate VII shows details of the knurling attachment—the 
arms to which the knurling roll is fitted (VIIb). and the bottom 
arms to which the bearing rollers and hooking-pin are attached 
are hinged ;}(VIIc);,so;that there is! no. pressure om: the,Jathe 
centers at any; time, 
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Nineteen (19) minutes is the time for all operations in these 
lathes. 

Plate VIII shows the expanding chucking mandrels for the 
rough turning lathes and ‘for the finish turning lathes. 


6-inch Operation No. 3—Boring Cavities. 


This work was done ona double spindle boring machine 
designed and built at Mare Island’ by Assistant Shop Super- 
intendent C. T. Cleve. This tool is operated by one man and 
has a capacity of 66 6-inch projectiles per eight-hour day. It 
is equipped with hand and mechanical feed, friction locking 
and opening device for chucking, mechanically operated quick 
return and automatic opening and closing valves for lubricant. 

The projectiles are pushed into place through the spindle. To 
insure that all projectiles are held at the same distance from 
the turret center and that the depth of cavity of all projectiles 
shall be the same, a distance clamp is placed in the band groove. 
This device consists of a band in two halves held together by 
coil springs afd fitted with grabs for handling. This is the 
reason that the band groove is not undercut in the rough 
turning lathes, the square shoulder of the band groove being a 
better surface to meet the distanéé clamp than the undercut 
knife edge would be. The projectiles being in the proper posi- 
tion, they are gripped in the chucks by starting the machine 
and tightening the friction bands. There-are four steps in the 
boring operation as shown on. Plate IX: 1st, bore cylindrical 
portion of cavity to size ([Xa), bore point of cavity to proper 
depth (IXb), rough counterbore for base plug (IXc); 2d, 
rough form ogival of cavity (IXd),; 3d, finish form ogival of 
cavity (IXe); 4th, undercut for base plug thread relief (IXf). 

The cutting speed is 47 feet per minute, feed .0625-inch, 
depth of cut ..1875-inch. Cutting compound is used and is sup- 
plied from a reservoir in the base of the machine by a rotary 
pump through a flexible metal hose into a stationary vertical 
receiver pipe in the center of the.turret. At the top of this 
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pipe is a»one-way cock facing the spindles of the machine.» Each 
set of bars have connecting pipes with a port which: connects 
with the:cock only when the ‘bars are swung around to the 
operating position. 
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EXPANDING MANDREL LATHE CHUCK 
FOR FINISH TURNING 


PLATE Wil. 


Seven (7) minutes is the time for all operations on two 
projectiles in this machine. 


6-inch Operation No. 4—Finish. Turning. 
For finish turning, two 20-inch Blaisdell lathes were. fitted 


with expanding ‘mandrels, turret tool heads, radius. forming 
tracks and’ special tool heads for radius turning tools. 
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Due to the heavy ‘strain on the drilled center of the projec- 
tile during the rough turning; it was’ found necessary to face 
and te-ream ‘the:original center. This is done after the pro- 
jectile is chucked in the finishing lathes, by means of ‘a ‘tool 
holder made to fit the tail stock spindle without removing the 
center; the facing cutter is used first, then the reamer. _ This 
recentering insures perfect concentricity of the walls of the pro- 
jectile when finish turned. 

After recentering, the first step is to finish turfi the cylinder 
and ogival in one cut. The fixed distance between the cylinder 
turning tool and the radius turning tool is such-that the cylinder 
tool reaches the rear of the bourrelet when the radius: tool is 
1% inches from the pdéint. The operator is thus enabled to 
revolve the turret head and bring the bourrelet turning tool 
into cutting position without stopping the machine and permits 
the bourrelet turning tool and the radius a tool to finish _ 
cutting at the same time. 

The turning tools are set in the tool posts by gauge so that 
each new tool takes the same exact position. With this setting 
by gauge and by the use of dials the loss of time in setting tools 
and turning to size by the “ cut-and-try” method is minimized. 
The second step is to undercut the band groove. The width of 
the groove is kept within the tolerances by the use of a metal 
gauge which gives the correct. width of the groove and also 
the distance from the base of the projectile to the rear of the 
groove. The distance from base of projectile to rear of bour- 
relet is also. determined by gauge (9g). The third operation 
is to cut the projectile to length and form the point. A com- 
bined ogival rest. and tool holder is used. (Plate X)...This 
fixture is a cast iron body with a foot) rest, is machined.to slip 
on the tail-stock spindle, is fitted with a revolving bushing of 
bearing metal formed to fit the ogival of the projectile, and 
has a’tool post operated by! a hand screw.::; When the second 
step is completed! the’ tail stock is released: and pushed back, 
the fixturé adjusted to the tail-stock: spindle, and the tail stock 
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PLATE 2. 
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brought forward until the bushing comes in contact with the 
projectile. The tail stock is then secured and a pressure put 
on the bushing by means of the tail-stock spindle screw, form- 
ing a thrust bearing and causing the bushing to revolve with 
the projectile. The point is then cut to length and formed, 
which is done in 40 seconds. In finish turning, the cutting 
speed is 60 feet per minute, feed .03125-inch. 

Seventeen (17) minutes is the time for all operations in 
these lathes. 


6-inch Operation No. 5—Banding. 


The banding machine has six hydraulic cylinders working 
out from a fixed plunger and cup leather, Each cylinder is 
fitted with a frame carrying at its ends a segment with a 
concave surface struck with the radius of the rotating band 
when pressed into place. The final banding pressure for 6-inch 
projectiles is 2,000 pounds per square inch, 

‘The projectiles are handled by means of a small jib crane 
from which is stspended a lever and tongs as shown. By the 
use of this apparatus, one 6-inch projectile is banded every 15 
seconds. Two men are used, one handling the projectiles and 
press, the other heating and placing the bands. The heated 
band is placed on the table in the center of the press, the shell 
being passed through the band. 


6-inch Operation No. 6—Machining Rotating Band and Finish — 
Boring and Counterboring for Base Plugs. 


For this operation a Pond turret lathe was fitted with spe- 
cial fixtures as shown in--Plate-XI...Considerable time was 
saved by removing the mechanical turret turning gear and 
substituting a hand ratchet. 

The machining of the rotating band was done by several 
tools fitted into a frame sliding on the turret head and moved 
at right angles to the axis of the projectile by a screw. The 
-band is rough turned by the two tools (XIa), the depth of 
cut being governed by the frame coming up against the stop 
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(XIb). The movement of the frame is then reversed and the 
band is finish turned by the forming tool (XIc). After the 
forming tool passes the center, the gang tool (XId) cuts the 
lubricant grooves, the tools being stopped at the proper depth 
by the stop (XIe). At the same time the trimming tool (XIf) 
trims the rear edge of the band. 

_ The base ofthe projectile is finish faced by the tool (XIg), 
the rear end of the rotating band being undercut by the tool 
(XIh) at the same time. The inserted tooth cutter (XIk) 
reams and counterbores to size and depth for the base plug. 
The tool (XIi) undercuts the gas check groove; thetool (XIj) 
chamfering for the thread.entrance for, the base plugs. 

Eight and one-half (834) minutes is the time for all opera- 
tions in this lathe. 
Plate II shows a detail of the rotating band. 


Ovinch Operation No. 7—H obbing Threads for Base Plugs. 


{This work is done in a Kempsmith universal milling machine 
fitted--with a jig for hobbing 7 threads per inch, U. S. Stand- 
ard left hand thread as shown in Plate XII. This jig consists 
of a cast iron body and oil receiver, a cast iron sleeve (XIIa) 
threaded 7 threads per inch left hand thread (XIIb). This 
thread engages a composition nut (XIIc) secured in the body 
of the jig. The cast iron sleeve (XTIIa) is fitted with a worm 
wheel. “The outer end of the’ sleeve is threaded to take the 
threaded boss of the hand’ wheel (XIih). 

The. steel. chucking.ring (XIId) is placed.on.the iiesieviite 
at the bourrelet and the’ projectile slid into the jig ‘until the 
counterbore at the base enters the guidé and stop)(XIle). ‘The 
locking ring is inserted” and given Vath of a turn to bring the 
lugs into the grooves. a ‘keeper is then inserted to prevent 
the locking ring turning “independently of the hand, wheel. 
The hand wheel is turned to the left, locking the ‘projectile 
into the sleeve and accurately setting it into the jig by the base 
end and the bourrelet. The driving worm is mounted on an e 
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eccentric sleeve (XIIf) actuated by a lever, The worm’ wheel 
and worm are disengaged; the hand wheel again turned to the 
left until the worm wheel brings up against the face of the 
housing (XIIg). The worm wheel and worm are again en- 
gaged and the table and jig' moved tp against a stop until the 
liob has been’ brought to the required depth of thread. The 
hob is a series of annular cutting teeth, 60 degrees—7? threads 
to the inch, U. S. Standard left hand. The hob is of sufficient 
‘length ‘to cover the full length of the thread in the base of 
the projectile; as the projectile moves from the hob 1/7 of an 
inch per revolution, one revolution of the bi 2 sh cuts a 
thread the entire distance. 

As it was ‘desirable to make all base plugs interchangeable, 
it’ was’ found necessary to make two ‘revolutions of the pro- 
jectile; by so doing the threads were perfect in size and form. 
After the projectile is removed from the fixture, an adjustable 
taper tap accurately set to size is run through the threads to 
remove burrs; étc., and as a gauge for size. 


Eight and one-half (814)' minutes is the time for hobbing 
the thread (two cuts) in one projectile. 


6-inch Operation No. 8—Stamping Base. 


For stamping the bases of: projectiles a small: air: hammer 
wasi-built at the Navy ‘Yard. The hammer is raised: by air 
pressure and dropped: by gravity. The lettering die is secured 
in) the sliding plate and held in place by a set collar, sufficient 
clearance being allowed between the collar and the sliding plate 
to prevent. the weight of the hammer from, injuring the.plate. 
As it is necessary to lift the sliding plate to remove the pro- 
jectile, the plate is counterbalanced, being held inany desired 
position by the two clamps. The anvil block is interchange- 
able, a different size block being used for each caliber of pro- 
jectile. “The ‘air throttle valve is’ so constructed that after a 
little experience, the operator can prevent the rebound of the 
hammer whith would blur the letters. 
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With this hammer:two menstamp 6-inch projectiles: atthe 
rate of 120: per: hour. 


6-inch Operation No. 9—Base Plug Operation A, 


An.old Potter and Johnson turret lathe was fitted, for, this 
work which consisted, of. drilling, facing,.reaming, counter- 
boring, rough turning collar, cutting gas check groove and ip 
ping. 

A tungsten, steel twist, drill is used; the facing tool, being used 
while drilling. .The drilled hole is, then brought to. size. and 
counterbored bythe reamer the depth of the counterbore being 
fixed by the stop. While the reamer. is;counterboring, the 
collar is rough turned.by the tool.. The gas check. groove is 
then undercut. by, the tool, , For tapping the fuse a bastard gun 
tap is used, 114 inches, diameter, 12 threads, U. §,..Stand- 
ard left hand thread, ‘This tool taps a hole 134 inches long, the 
tolerance of diameter, being .004 of an inch, . After consider- 
able experimenting this, style,of tap was found,.to be very 
durable and exact, due. to, the longer surface, the cutting: sur- 
face being ground and all the.teeth being backed off the entire 
length of the lands. 

Six and two-thirds (6 2/8) ninirmutes is the time for all of 
these: operations. 

About 200 plugs are run through Operation A; the’ entire 
carriage is then reversed bringing into play the facing tool; the 
plugs are then rechucked but reversed and the front end of the 
plug faced, bringing the plug to the proper. thickness. 

6-inch Operation No. ro—Base Plug Operation B. 


Base Plug Operation B consists in drilling the two holes for 
the teat wrench. 

A triple Sellew drilling attachment is fitted to the port 
of a. drill press. .Only two drills are used; in place of the 
center drill, a telescoping sleeve and spindle are fitted, the 
bottom of the sleeve having a flange the same size as the 
counterbore of the base plug. This flange is used for center- 
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ing the plug. A stop secured to the spindle travels in a/slot 
in the sleeve limiting the depth of the wrench holes. A spiral 
spring. under compression..is fitted in the ) sleeve under :the 
spindle. This spring'forces the sleeve flange: down: into’ the 
counterbore before the drills begin to cut; it also:thrusts ithe 
plug clear.of.the drills when. the spindle of the drill press is 
raised, This double drilling device. eliminates, the use of a jig 
or holding-down clamps, 
Three (3) minutes is the time for this. operation. 


6-inch Operation No. t1—Base Plug Operation C. 


Base. Plug, Operation C consists of 4 steps—finish turning 
body, finish turning collar, turning thread relief, and turning 
and dove-tailing gas check groove. This work is performed 
on a 20-inch American lathe fitted with stops and a turtet tool 
head, as shown in Plate XIII. The plug is centered on a 


OPERATIONS 


PLATE XI. 


mandrel by its counterbore and driven by two pins in the 
mandrel which enter the teat wrench holes in the plug. ‘The 
mandrél has a flat | on two sides (XITa) by which it is ‘driven 
as shown. 
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All diameters are determined ‘by the use of stops |(XITIb) 
which are.fitted and hinged on a plate which is secured to the 
lathe carriage. On the cross feed is sectited another ‘plate 
with four adjusting screws, 1, 2, 8 and‘4, locked in placé by 
headless ‘set screws. 

Plate XIII° shows tool 1 in position for turning the body 
with stop 1 in position, stops 2, 8 and 4 being in their upright 
neutral position. The different steps are shown in Plate IITA, 
the correct distances being gauged by a sheet metal gauge 
(Plate IIIB). By the use of.this system of stops and gauges all 
the steps are performed in succession and the lathe is not 
stopped until all steps are completed. While the lathe is in 
operation, the operator fits the next plug to be turned to a 
mandrel, After these steps are completed the plug and mandrel 
are removed from the lathe; the plug is not removed from the 
mandrel, however, until it has been threaded, which is the next 
operation. 


Nine and three-fifths: (9 3/5) minutes is the time for this 
operation. 


6-inch Operation No, 12—Base Plug Operation D. 


Base Plug Operation D consists of threading the plugs. 
- Ag stated in Base Plug Operation C, after the plugs are turned 

they are not removed from the mandrel but are passed to the 
next machine where they are threaded. This operation is per- 
formed by a patent threading tool with tungsten steel cutters. 
This tool is manufactured by the Rivet Dock Manufacturing 
Company. The correct depth of thread is determined by a 
limit gauge and a threaded collar gauge. 

Nine (9) minutes is the time for this operation. 


6-inch Operation No. 13—Cleaning and Painting. 


After the projectiles are stamped they are washed thor- 
oughly clean inside and out in a bath of turpentine substitute 
and stood on their bases in drain pans to dry, after which the 
cavities are painted with an approved anti-acid preparation. 
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For painting the outside a special fixture was used consisting 
of two T-irons bolted together with’ distance pieces so that 
the projectile rested with the rotating band on one T-iron, the 
bourrelet on the other T-iron. At the center of each T-iron 
was located two rollers, the tops of which projected slightly 
above the upper surface of the T-irons. 

The unpainted projectiles are placed on one end of the fix- 
ture and are rolled along the fixture in succession onto the 
rollers where the painter revolves the projectile with one hand 
using the brush with the other. 

Two’ (2) minutes is the average time for painting the cavity 
and exterior of the 6-inch projectiles, 


6-inch Operation No. 14—Fit Base Plug and Secure Rope 
Grommet and Canvas Protecting Band Over Rotating Band. 


After the paint is dry, a final inspection of-the projectile is 
made by the maximum and minimum bourrelet ring gauges, 
each projectile weighed with a’ plug and the total weight and 


serial number stamped on the base of the projectile and the 
serial number stamped on the plug. 

The projectile is then secured in the vise on the end of the 
assembling bench, the threads of the base plug coated with 
luting and the base plug screwed home. The projectile is re- 
moved from the vise and placed on the other end of the 
assembling bench. ‘The rope grommet and canvas band are 
‘secured in place and the fuse hole stopped with cotton waste 
or a threaded wooden plug. 


3-INCH OPERATIONS. 


Plate IV Fable the Sequence of Operations on the 3-inch 
projectiles, A better understanding of the method used in 
centering the 3-inch forgings will be had if some of the opera- 
tions in the manufacture of these forgings are first: described. 
After the projectile is rough forged the cavity is bored to size 
and the cylinder rough turned from the bourrelet to about 
2 inches from the basé concentric with each other leaving the 
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walls.of equal .thickness, (Plate: XIVA); .-The' forging is: then 
reheated and the rear end closed in; the dotted lines show:the 
base of the, forgings as-received at: Mare Island. 


3-inch Operations Nos. t and 2—Centering. 


The forgings are placed in the centering, jig, point. down, a 
fixed center in the bottom of the jig entering the reamed center 
in the point of the forging. The chuck jaws are closed: on the 
outside of the forgings by means of the crank; the yoke is 
brought into place and secured ‘by a wing nut which forms a 
ball and socket joint in the yoke, thus insuring that the yoke 
itself is accurately in position. A center is then reamed in the 
base of: the forging. \ This method ‘insures the alignment of 
the centers in, the:point:and the base of the forging... The forg- 
ing, is then removed from the jig and the center in the point 
re-reamed. by a sensitive drill press to free it from: the scale 
formed.in heating the forging before: closing .in the: base: 

One. (1) minute isthe average time: for one operator to :per- 
form both centering operations. 


3- -inch gtaginte No. 3—Rough Turn Body to t-inch From 
Base (Photo 2). 


In this operation the body is rough turned to, 31/64 inches 
diameter to 1-inch from base... This work.is done on’ centers 
using a common lathe dog as.a driver... When the, operator, has 
once determined the rough. diameter, the cutting tool .is ,not 
drawn. back from the work at,the end of the cut. .Instead, the 
feed nut is; disengaged, the lathe stopped and the: dead, center 
released, the tool carriage, being. then returned, to. the starting 
point. By this method from ten to fifteen forgings are turned 
without readjusting the tool, When. the operator, has started 
a.cut on.a new forging he-places the last forging turned in the 
fixture. (2a) and. removes the lathe dog. The forging is then 
reversed and placed in the fixture (2b) and the lathe dog placed 

on,.the point end, of the forging making it ready for the 4th 
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operation on the next machine. The operator then places a 
dog on the next forging ‘which he is'to turn. | It was’ found 
necessary for the operator’on the first roughing cut to prepare 
the forging for the next operator for the reason that the next 
operator lost so much time changing driving dogs as to reduce 
his output and cause delay in all subsequent operations. 

In this operation the speed of cut is 60 feet per minute, feed 
-0625-inch, depth of cut 15/64-inch. 

Two and one seventh (21/7) minutes is the average time 
for this operation. 


3-inch Operation No. 4--Complete Rough Turn Body, Rough 
Face Base, Rough Turn Rotating Band Groove. 


This work is done‘on a Hendy Norton lathe equipped ‘with 
a special revolving tool ‘head, gauges, pointer and ‘indexitig 
dial. » The revolving: tool head is fitted with three cutting tools 
and an adjustable distance gauge.’ As previously stated,’ the 
operator in this ‘operation neither ‘secures nor removes the 
driving dogs, his time being devoted entirely to the machine 


work of this operation. . 

This operation consists of three distinct steps as dome in 
Plate XIVB. The first step removes the excess diameter at 
the ‘base’ where the driving dog was secured in the 3d opera- 
tion. This step requires no gauging, the cutting tool being 
brought up to the diameter turned in the 3d operation. « The 
second step faces 5/16-inch off the base of the forging, a dis- 
tance gatige being used to determine the amount of stock 
removed. This step determities the location of the cavity in 
the finished projectile and has a material bearing on the weight 
of the finished ‘projectile. 

The third step is rough turning’ the rotating band groove, 
the width of the cutting tool is 1/32-inch less than the mini- 
mum width of the finished groove. The distance from the 
base to the rear edge of groove is méasured by an adjustable 
gauge, a sheet métal hand gauge being used for checking. The 
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depth ofthe band groove is determined: by using the pointer 
and. indexing. dial... The use of this system and the gauges 


make it unnecessary to stop the lathe to gauge any dimension. 


In, this operation the speed of cut is 65. feet per minute, 
feed .0625-inch. 

Two, and.one-fifth (21/5),.minutes is ‘the. average: time 
for this operation, complete. 


3-inch Operation No. 5—Finish Turn Rotating Band Groove, | 
Undercut. Band Groove, Knurl. Band Groove. and 
Finish Turn Body, 


This work is done on two Hendy Norton lathes fitted with 
revolving tool head, pot chuck, knurlitig’ ‘device, dial and 
pointer, The combined tool head and knurling device is some- 
what similar to that already described for the’ 6-inch ‘pro- 
jectiles, , 

Plate XIVC is a sectional drawing’ of the pot chuck and 
shows how the forging is gtipped, the’ pot chuck, however, 
acts as a driver only, the forgings being turned ‘on’ centers. 

This operation consists of four distinct steps. The first 
step is to machine the’ rotating band groove to the depth ‘and 
the minimum width; the depth is determined by ‘using the dial 
and pointer, the width and distance from base’ of projectile 
is determined by the sheet’ metal gauge (XIVB). 

The’ second step is to undercut the band groeve. After the 
groove is undercut the tool head is drawn back until the slide 
reaches a stop when the center of the knurling’ roll is directly 
over and inline with the center of the lathe.’ ’ 

' The third step is to knurl the band groove which is done’ by 
bringing the knurling roll in contact with the work by means 
of the crank and screw. 

The fourth step is to finish turn the body. This step is 
finished in one cut, there being three diameters. (in rear. of 
band groove, band groove to bourrelet, and bourrelet), the 
allowed tolerances being respectively .006-inch, .010-inch and 
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:005-inch. These diameters’ are checked by maximum’ and 
minimum limit gauges, The distance from base to’ botirrelet 
is determined by the sheet metal gauge (XVID). 

In this’ operation ‘the turning speed 1 is 60 feet per wage 
feed .042-inch. 

Three and: one-half (3%4’) minutes is the average time for 
this operation, complete. 


3-inch Operation No. 6--Finish Turn, Point. 


This work is done'on two Hendy Norton lathes’ fitted with 
pot chucks and a combined'steady rest and radius turning 
attachment. The forging is, gripped in the pot chuck, by ‘two 
split rings, the rear. interior af of the. chuck:acting as.a on 
(XIVE). 

The:base: plate of | the siclinsh, turning, attaghment was pra 
to fit the lathe ways and is held in place ‘by two strong backs. 
This plate is fitted, witha /radius; guide. track ;in) which, works 
the radius turning,arm, which is; pivoted at,the correct distance 
from, the lathe jcenter to, form. the ogival of) the desired, radius, 
The radius turning arm:\is operated -by alink attached tothe 
lathe carriage, the. screw | feed being used. .,.; The, beints are 
finished, in. two cuts. 

The. cutting. speed: at; the, Meuepelat. i is 126 ‘tort per. ‘minutes 
diminishing as; the’tool. travels toward. the point., The, feed 
at the, bourrelet, is...0234-inch and, increases as the tool travels 
toward. the point, due..to, the Jink’s decreasing: its, angle. with the. 
direction. of; travel ofthe, carriage. : 

Four (4) minutes) is; the average,time for this; operation. 


93-inch: Operation No. 7—Banding. 


The 3-inch projectiles are banded in the same press and 
in the same manner as described for the 6- ‘inch projectiles, it 
being” only necessary. to change ‘the segments. at the end . of 
each hydraulic ovlinder, The jib crane and tongs _ are ‘not 
necessary in handling the 8-inch projectiles; they are placed i in 
and taken from the banding press by hand. | 
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One 3+inch projectile was banded every 15:\seconds. | Two 
men are used, one handling the projectiles andthe press, the 
other heating and placing the bands. 


3-inch Operation No. 8—Drill Fuse Hole, Face Base and 
Round Edge, Ream and .Counterbore. Fuse Hole, Tap 
Fuse Hole, Rough Turn Rotating Band,,Form 
and Size Rotating Band. 


This work is done on’a Jones‘and Lamson turret lathe: No 
special equipment is: provided «except ed peel cutters, 
forming tools and tool holders. 

The first step is to.rough drill the fuse hole, face the base 
and round the periphery of the base. The drill is formed half 
round, the cutting edge being’ one-half the diameter of the drill; 
the radius of the’ body of the drill is also “backed off” to 
avoid interference if drilling an eccentric hole, ..A flat cutter 
is inserted in the tool holder, the end of the cutter entering a 
slot: in’ the’ shank of the drill. As’ the drill néars its’ depth, 
the flat cutter faces the base and rounds the’ periphery of ‘the 
base leaving'a sharp corner at the fuse hole: : 

The secotid step is to ream the fiise hole to’size*and’ counter- 
boré“for thé fuse. This is done by a reaimer with ‘a ‘shoulder 
for forming the counterbore. ‘The depth’ of the counterbore ‘is 
determined by a stop. The fuse hole is tapped 18 threads per 
inch, left hand. 

The rotating band is rough turned, then formed to size 
by a special forming tool, similar to that described in the 
6-inch operations. 

Two (2) minutes is the average time for this operation, 
complete. 


3-inch Operation No. 9—Marking Base. 


This work is done with the same air hammer as that used 
for the 6-inch, substituting a different anvil block and lettering 
die. 
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With this hammer, one man stamps 38-inch a6 at the 
rate of 250 per hour, 


3-inch Operation No. 1o—Weighing and Stamping Weight 
on Base. 


The projectiles are next ‘weighed, the weight being stamped 
on the base in the space left blank for that purpose. The 
weight is marked in pounds and decimals, As the scales are 
graduated in pounds and‘ ounces, a table converting ounces 
and ‘fractions into decimals of a pound was printed and placed 
before the stamping bench. 


3-inch Operation No, 11—Cleaning. 


The. projectiles are cleaned by immersion, in a bath of, tur- 
pentine, substitute, after which they are drained base down. 


3-inch Operation No. 12—Gauging, Inspecting and Shipping. 


After. the. projectiles are dry, they are given a careful; sur- 
face inspection, and. are gauged. by.maximum and, minimum 
ring gauges. They. are then packed in, shipping boxes having 
twelve..separate compartments, the. sides extending. about: 3 
inches,.over the points. of the, projectiles, so that. the. boxes 
can stack, and provided with hand grabs for easy handling. 








CON 


77) 











COAST GUARD CUTTERS. 691 


4 


COAST GUARD CUTTERS 
TAMPA, HAIDA, MODOC AND MOJAVE. 


By si 6 ea i ce « Q. B. NEWMAN, U.S. C. G., 
MEMBER. 





DESCRIPTION. 


The Coast Guard Cutters Tampa, Haida, Modoc oad Mojave 
are four similar ‘vessels tow building at the works of the 
Union Construetion Company, Oakland, California. ‘They are 
single screw vessels fitted with turbo-electric’ propélling ma- 
chinery and designed for a speed of 16 knots at 1,620 tons trial 
displacement with the: main\motor .developing 2,600 shaft 
horsepower. The Tampa i is named for the Coast Guard Cutter 
Tampa, sank’ with all hands in’ afi encounter with a German 
a in Bristol Caeiiel ‘September 26, tots. 


CADET eee agt fet j 


ie PRINCIPAL HULSE DIMENSIONS. 


Length eet all: feet and inehes...../020 00.00.2220... 24000 


Length on! water line,! feet’and inches. .3.'......20/ 05.60.00. . 220000° 
Beam, molded, feet and inches........... pteeees eee 4 abe ie +42) 89-00 
Draft to. L. W. L. feet and inches........ ais dies pekpna tae 14-00 
Displacement, 14-foot W. L., tom8......000..cccceveccceeeeeren ee 1,640 © 
Tons pet inch’ immersion “ L. We Brite sori el Rie. Loe age 
Block, coeffitient : o.3.!.. el yiedde sees. Cena Pica tb Masite OG} dad okt 1 EOS 
Prismatic coefficient ...... Pacneees eye ede Pree pire Oh coer ees MOR 
Midship section coefficient. .... pyelags ee bE a VEER RA eo) Lae aT Ee 8864 
Aréa' of'|\midship' section, square feet... ..00 8... Vi on. 2 489 
Area,of wetted surface, square feetsss2) 40/0. os.) io. cal: dct. . 9,496 


hi. papa REQUIREMENTS FOR MACHINERY. 


“In the design and construction of, these ships, the »naturesof 
the duties: they,are to perform has been: kept: constantly in:mind, 
and: all. selections have been made in: conformity therewith,» 
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The paramount duties of a Coast Guard Cutter, and the con- 
ditions imposed thereby, may be briefly summarized as follows: 
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| bait 
DIAGRAM ‘OF ‘MACHINERY. 


(a) Rendering assistance to, vessels: in distress, and saving 
life and property. This calls for. sea-worthiness and comfort 
in all weathers, speed, light draft and quick maneuvering for 
inshore work and towing ability. ; 

(b) Destruction or removal of wrecks, derelicts or other 
dangers to navigation. The perelnumareoey here «are tong: legs 
and ‘plenty of power. 

(c) Protection of the seal in Alaska, extending medical aid 
to United States vessels engaged in deep-sea. fisheries: and. ab- 
servation. of ice conditions in the North Atlantic during’ the 
spring season. For these duties all other considerations are 
subordinate to that of ability to keep the sea. for. long. periods. 

(d) Protection of the customs revenue, ~Same bape 
as (a). 

(e) Operating as part of the Navy in time of war. This 
need is met by the general characteristics of a gunboat.» 

In addition 'to the foregoing, prolonged absences ' from ‘port 
and ‘shop: facilities' demand ‘machinery ‘sufficiently rugged to 
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MAIN TURBO GENERATOR. 
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operate reliably for lofig periods, and of a type that may readily 
be repaired by the ship’s force with the facilities on board. 

With a statement of the conditions’ imposed ‘the selection of 
propelling machinery becomes practically automatic: Efficiency, 
power, weight, space and cost select the steam ‘turbine with 
water tube boilers and: superheated: steam ; while responsiveness, 
comparative freedom from breakdown, and ease of effecting re- 
pairs dictate electric machinery for ~ reduction between 
turbine and, propeller. 


i PROPELLIN G “MAC HINERY. 


The propelling machinery consists of a Curtis turbine isring 
an alternating current generator, which in turn supplies ‘cur- 
rent to a synchronous motor on the propeller’ shaft. These 
three machines with appurtenances; and the exciters, are built 
by the’ General Electric Company; ‘Schenectady, N. Y., and in 
design they conform to the standard practice of that Company. 
But an immense number of details had to be worked out to 
develop:machinery of suitable size and power for these-vessels,- 
and particularly to adapt the synchronous:motor for ss Pro- 
pulsion, which had not hitherto been eae 


MAIN TURBINE. 


The turbine is an eight-stage Curtis erin: running at 
3,000 revolutions per minute. It is designed to take’ steam at 
200 pressure. (gauge) ‘and 75‘ degrees stiperheat and | 
exhaust: against: 2 inches .(absolute) back pressure.‘ Under 
these conditions, the: guatanteed: steam’ consumption is’ 11:4 
pounds per hour per shaft horsepower ‘delivered to propeller 
shaft. The first stage has two rows ‘of blades and ae 
stages one row each. 

Auxiliary exhaust steam in excess of feed ina require- 
ments is admitted to the fifth stage of the main turbine. An 
automatic valve is installed to” close this i inlet i in 1 Case dea als 
turbine is’stopped, sw nt 
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Speed is normally controlled by an oil governor: which’ con- 
sists of a small gear. type pump driven by the ‘turbine and ‘de- 
livering oil beneath a piston working in a cylinder... The oil 
pressure varies with the turbine speed, and in case of increased 
pressure the piston risés in the cylinder and opens a pilot valve 
to a hydraulic cylinder, which in turn operates the controlling 
valve in the main: steam: line and reduces the turbine speed. 
Speed variations are-obtained by means of a bypass in the 
pump discharge, and this bypass is directly operated ‘by the 
speed lever on the operating pariel. There is also an inertia 
governor which prevents speed exceeding 3,000 revolutions 
per minute, If the oil governor and the inertia governor should 
both be inoperative at the same time there is an overspeed trip- 
ping device which closes the main steam valve at 3,600 revolu- 
tions per minute, A fourth means of speed control is provided 
in an ordinary manually operated: balanced: throttle ae 


MAIN, GEN ERATOR, 


The tsichink is direct ‘connected to a two-pole, three pitas 
alternating current generator of the ‘revolving field type: : The 
output of.the generator is 2,040 kilowatts at’ 2,300: volts. 
Ventilation is by means of fans incorporated in the rotor. The 
stator is built up of soft iron punchings assembled in a cast’ 
steel frame. . The rotor is solid, steel, forged-integral: with the 
shaft, the,slots being milled in the forging, The rotor wind- 
ings are thoroughly. secured! against motiomin any direction by 
hardwood. blocks, and. protected against: mechanical: injury by 
heavy. metal blocks, and: rings. . All insulation: is designed to 
resist the action..of;moisture and salt, while the permissible 
temperature rise is, well, beyond. say alate ravage are — to 
be experienced. ; 


s MAIN ‘MOTOR, 


The. ororictiee shaft is driven. by, a: 46-pole, three: ete 
synchronous motor delivering 2,600 S.H.P. at 180: revolutions 
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per minute. The bars of an ordinary squirrel cage induction 
motor are let into the pole faces, and this winding is depended 
upon to bring the motor up to pull-in speed. The stator ring is 
a steel casting in one piece with feet cast on, The motor has 
a separate motor-driven ventilating fani 

There are many points in! fayor of eth of Lacie for 
the long steady grind of turnitigya:ship’s propeller, but there 
are two apparent objections which’ at first blush are quite 
formidable. The first is) that it must have sufficient starting 
torque to get underway) with full load, and the-synchronous 
motor is a notoriously poor starter, even with a squirrel cage, 
when the voltage is fixed and the- frequency high. But on 
board ship the voltage-and-frequency..may be varied-at -willsto 
suit requirements... In ‘the. present instance, fall. speed si 
quency is 50 cycles, but for ’ maneuvering it may be as low 
12% cycles, at which speed the motor will have ample starting 
torque. In additionj-means.are provided whereby Ope ‘per 
cent normal excitationmay pe obtained.“ 

The second objection: 15 the tendency ofa st llnoald hotor 
to fall out of synchronism and stop altogether when the: Joad i is 
suddenly thrown off afd then suddenly reapplied, which is the 
case with a propeller in'a seaway. Agaim varying frequency 
comes to our aid, obtained automatically i in-this.case by making 
the governor a trifle more isluggish than. would be otherwise 
desired. In addition, the field excitation ‘on-either generator or 
motor, or both, may be increased: 'so.as to take care of ibd load 
variation within reasonable. Jimits. 

The advantages of the sytichronous motor may best be stated 
in terms of the disadvantages Of the two forms. of.-induction 
motors. Without going into the matter in detail, the current 
in’an induction motor is not in phase with the voltage, but lags 
behind it by a certain angle. The cosine of this angle is called 

‘the power factor. The power (P) of a three phase motor is 


\/ 8 times the product of volts (E.), ampéres (1), and the 
power factor (P.F.). That is, P=V3XEXIX PF. 
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Hence, fora. given: power the current is itiversely proportional 
to the power! factor. Suppose for example that when the power 
factor is 1.00, the current (1y):is: 100; ifowe ‘reduce the power 


factor to..80 we must) increase: the current: (1s) ‘to: 125 for! the 


same power.-.Now, thecheat: less:in the! circuit) is the square 
of the: current,-(1*), multipliedsby ‘the resistance (R), or: heat 
lossi=1?R:: ‘Taking; the »example :above, in the first::case 
Ty.= 100,- heat. loss ==:1,2Ry<5:(100)- *Ry == 10,000: RyeoIn 
the second case Iy:==125, heat loss = )1y?Ro== 15,625: Ro,1or if 
the -heat; loss: is, to: bexthe ssame |inethe:two cases: 10;000:R, == 
15,625, Ro} which-means that with an80 per céent-power factor 
the resistarice must ibe-reduced to:64 per cent: of that with 100 
per cent factor ; andthe: only way to reduce; resistance is ‘to‘in- 
enease,area; «Hence, ititakes‘t:5625 times asimuch:copper with 
ani|/80, per, cent, ipower factor as with 100: per cent.’ It needs 
no,argument; to show) that+1:5625: times as:imuch copper must 
have 1.5625 'times,as much slot-to:lie:ity and so:on.;sHence; the 
synchronous | motet effects:a)'material saving «in -weight, ‘and 
consequently,,in)- first cost of - mart motor, vicennenen 
or switches, ete.; | eslog 

1 Phe squirrel cage: iedeniets motor 1 baa a ‘debe high ein 
fanton when its rotor resistance is low, but then it has:very little 
starting torque. For this reasom/itis sometimes: fittedowith 
two squirrel cages, one for Starting, the other for running. ~ 

The. wound rotor induction motor has variable external: re- 
sistance for ‘starting and coming up to! speed and chats means 
sng ‘spaces.and/cost;' not 'to:mention complication.” i) 

«| The synchronous motor’ hds.a'100 per:cent power: Kadioty and 
sale a “—~ high! resistance | sages wee? it a wget woewet 
—— tet 3. Srl. 1 } we 
i/ The- chies: aah to the! oncininetin motor a ‘a marine 
installation is the relatively large diameter of the stator rittp, 
thei :diameter !of ‘this present» machine being about! 10 feet 6 
item _— this! is) zanadler in! dianieteapatnin' it would® be ‘if 
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built for shore installation where space occupied is not a ‘prime 
consideration. » The length of ithe motor is somewhat increased 
to make up for decreased diameter. 

But it is not alone:in' the saving in weight and cost and the 
increased ‘efficiency. that the synchronous ‘motor is’ superior. 
From the operating point of view it: has ‘very real advantages. 
Momentary double excitation of generator and motor fields 
gives it a responsiveness in maneuvering not possessed by any 
other. form of ship propulsion apparatus and :this is of the 
highest importance for a vessel operating, as Coast Guatd ves- 
sels.so frequently do, in close proximity to reefs and_shoals. 

An. induction motor designer, jealous always of his power 
factor, must:keep the width of air gap down to the very tmini- 
mum: Consequently, before stator ‘coils.can) be removed or 
repaired, the rotor must first be removed; ‘which requires lift- 
ing: gear more)robust than is generally carried on board ship. 
The air gap ona synchronous motoris generally ‘wide,’ and 
repairs to stator coils:can:be made:without disturbing the’ rotor. 
In addition; the squirrel ‘cage is put on in ‘sections! which are 
bolted together and the field poles are bolted*to the rim of the 
rotor; so that:the D.C. field. may be:removed from the rotor 
entitely, affording complete access to every part wt the mashing 
without: sie heavy weights, Late 


CONTROLS. Se 


af ie are two.groups of sialetactiiten ae or ‘switches, one for 
the fields and-one, for the;main. circuits... Normally, each :con- 
tactor is.operated by a solenoid, but)in case: of failure of ‘the 
solenoids. there. is ;a.cam shaft. for: manual epération, :so’ iar~ 
ranged that throwing a lever on the cam shaft producespthe 
proper sequence. of opening) and» closing of contactors::' |All 
contactors.are :of the magnetic blowout:type with. arc chutes. 
Under normal} .conditions; however, the. high. tensiomicablés 
will always be dead: before the main; contactors, are opened. 
There aré two control levers mounted on the operating panel, 











1€ 
xe 


ne 
rr. 
S. 
ds 
ry 


er 
li- 
or 
ft=- 
ip. 
nd 
or. 
re 
he 
or 
ne 


or 
n+ 
he 
All 
les 


el, 













nae Back: 


OverA rmor 





COAST GUARD, CUTTERS. 699. 


onei-for speed:and: the: other. for direction,’ These are inter- 
locked: so that the «motor cnet be reversed until the’ turbine 
speed lever is moved ‘to “‘ sLow.” 

The speed lever, as already: stated, opens.a bypass in the oil 
governot ;line to increase the speed of the turbine, The re- 
versing lever is geared to a drum, similar to a ‘street car con- 
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troller, ‘with’ sectors ‘for operating the Solenoids on the main 
and field’contactors:' When’a signal is received to reverse,’ the 
dperator ‘slows the turbine ‘to’ quarter’ speed’ brings the ‘re- 
versing ‘levér slowly ‘through’ neutral’ to 'reversé; ‘and ‘then 
brings the turbine up to the desired speed: While‘ itis not at 
all necessary that the operator should. know what is happen- 
ing, the sequence of events is as follows: (1). The generator 
field..is killed and the motor becomes a generator,,.expending 
the energy of its momentum and the turbine ‘effects’ of the 
propeller i in’ sending’ current through the short circuit’ of the 
generator armature, this brakes the motor to. rest) (2)..the 
motor field is killed; this leaves the high tension circuit dead ; 
(8): and (4) two! pte of’ the’ main” circuit’ are’ reversed 
which reverses the direction of phase rotation on the motor; 
(5) the generator fieldis’ connected; "this generates current 
in. the ;maim circuit and brings the. motor, up-to speed: as an 
induction, motors, (6)),,the motor,-field is connectedi.and the, 
motor, pulls: into, step, after which, the speed. is,,increased to 


whatever is desired. 
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Kor ordinary |“ backing:and: filling}””) as: im icoming: to arichor 
or getting! ;alongside-.or,away:from a) wharf,) it: will not» be! 
necessary to put on the motor field at all, the: squirrel ‘cage 
winding: being ample:for this: purpose... In fact; ifthe motor 
field -should» be! entirely disabled ati isea the:moton could: bring: 
the, ship, to»port: operating: as:an) induction: motor ‘at’ reduced 
speed. * . 


On the operating panel are mounted all the necessary meters. 
and. indicators to. show, what is taking ‘place. These include’ 
ermaincircuit and. field cir-- 


ammeters -and'svolt-metersfon: 
cuits; magnetic speed indicators for generator shaft and- motor 








shaft; a tem sf aa indicator for generator rotor; and an - 
indicator which shows whether ‘the > excitation: of:generatorand:~ 
motor fields’is correct. “This latter is of considerable impor-,, 
tance because ifithe excitation is too-high there is a loss of 
efficiency, while-if it is too"low theré“is danger that the motor 
may, fall out. of, | StEPy particularly, if, the, propeller, tends, to,race., 
Resistance. grids in,,.the. field circuits; furnish, the means; for, 
varying excitation..to, suit the requirements. . The total, weight, 
of, all contactors..and, control, devices, , siiaisial bad SE: 
panel, j is pay. 6,500 pounds...) 44 pridhust: onltc eet 
| WEIGHTS OF PROPELLING WACHINERY. “ og sot lis 
“Phe ihstalled weights are as follows: aceeeais . 
TParbitie) pounds)! P2098 8. Sa eeee Te, 20 208 De. <'98,000 
Geherator; pounds s:idzyp) .as[y. ova. cemsbwodswomd..abh. bo. ¥2391183,000! 
Motor, pounds ab Wine Ah Gi? p Ra recente gegen ares otipetiarisies ed: opp BFpA29 
steel ge group, pounds .......... LEG «epee» bers ¢ vehi penne eeen eres iii 
Conitrof panel, Liter COLON tN | eee. o fecebeteetecent eens 2318 
Total weieht; of seisiliien, Satoh sd ans sonia yeh v4 840, 
Weight ; per S. iH. P. REET aN TO" ACHES SN HESTON i 


retino 25 LUBRICAPION SYSTEM {) sos n15 (199 5! 
rover requiremetits are extremely’ modest? poiveai ribet 


cation ‘being Timited t6 the’'sttaight eylind?ical ‘beatings of tHe 
turbo-generitor andthe totdr} the thrtst bearing’ of the tubbiie! 
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and the main thrust bearings \Oil:for these parts is furnished 
by. the same gear pump which operates the oil governor or)-by 
an independent reciprocating steam pump, if desired. The oil 
pumps, take oil from the simp tanks and deliver it through the 
coolers i into the overhead tanks, from which it flows, by gravity, 
through the bearings. The overflow from the gravity, tanks is 
fitted with a sight glass. to show at a glance that there: is 
plenty ‘of oil in the system. 

‘Failure of pressure in the pump discharge elt the auto- 
matic throttle oy and’ the valve which. admits auxiliary ex- 
haust to the fifth s siaye of the main turbine. Since the automatic 
throttle valve cauriot, be opened except, by oil pressure, it is 
necessary to start. the. stand-by independent oil pump before 
the main turbine cqn be started. The mere fact that ‘the 
turbine is running is, therefore, proof positive that there is 
pressure in the pump discharge..Each prineipal bearing is 
fitted with a sight feed and a thermometer. oS 

There are two oil coolers and an oil cooler: circulating pump. 
Normally, ; the oil ee take Kee ines: from the main et 
culating pimp. 

“Two gravity tanks, located in ‘he engine room sou ‘haf 
a’ capacity of 200 gallons each. “I'wo sump tanks with 4,00 
gallons total capacity ‘aré installed under the turbo-genergtor. 

Two reserve tanks, each with a capacity of: 400: gallons, are 
located aft, close up under the berth deck, high enotigh to drain 
into the sump tanks, 

All tanks +have) filling» pipes from: the: mht deck. 

There i is-one centrifugal oil purifier, for removing water, and 
other foreign matter, from the oil. Piping is. arranged: so. that 
oil. from, a, gravity tank can be cleaned in, the purifier, drained 
into the sump, tanks and returned to its, own tank after, the 
latter. has been cleaned. This permits the thorough Pispring of 


the entire system, without loss. of, OfL jks Botete bd Bloke] 
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EXCITERS; 


- There are two 240-volt, 75-kilowatt exciters, either of which 
is adequate for exciting the main generator and motor and 
for furnishing current for ship’s lighting. Each machine is 
driven by a Curtis turbine through a Poole planetary gear with 
a three-to-one reduction, 

The exciters are three-wire machines, and the wiring is so 
arranged that either full or half voltage is available as -de- 
sired. For example, it. is necessary in maneuvering to have 
momentary over-excitation of the fields, and to obtain. this 
the full voltage is used. At other times the generator field is on: 
one 120-volt leg and the motor field on the other, giving prac: 
tically a balanced load on the exciter. The ship’s lighting cir- 
cuits, shop motors, etc., are also arranged* for a balanced load, 
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Devices are installed on the exciter switchboard for equaliz- 
ing and paralleling the’ two machines. It’is not intended to 
operate both ‘of them at’ once, but without’ the equalizer it 
would ‘be necessaty' to stop ‘the propelling machinery in ‘order 
. to shift to the second exciter ‘were the first to become disabled. 

It should be stated that an equalizer for three-wire generators 
is a much more complicated device than for two-wire machines 
and its manipulation by a careless operator is likely to be at- 
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tended with interesting circumstances; There is no reason, 
however, why a properly instructed person should not operate 
it with entire success. 

The principle of the three-wire generator is briefly out- 
lined here for the benefit of those who wy. not be entirely 
familiar with it. 

The voltage between positive and negative brushes B, and 
B, is 240 volts; and the voltage between the neutral wire and 
either of the others i is half the total, or 120 volts. If the loads 
L, and L, on the two legs are exactly equal there will be no 
current in the neutral wire. But if L, is greater than L, then 
the neutral wire must carry the difference (L,—L,). The 
neutral wire is connected to the middle point of a “com- 
pensator,” which is a coil of heavy copper wire wound on a 
soft iron, core (C,,C,), and connected through slip rings..S; 
and.$.:to two'commutator bars. It is readily seen that current 
flowing 'in on the neutral wire divides into two equal parts, 
each part going through half ofthe compensator, through the 
connection to the brush and slip ring, to one commutator bar! 
Here each’ part divides again, not equally this time though} 
and flows to the positive and negative’ brushes B, and B,. 

The compensator is the interesting feature. Its ohmic re+ 
sistance must be low or else an undue current would be forced 
through L,. But it is short circuited across the commutator 
and so, to prevent a heavy short circuited current, it is,.given 
a veryhigh reactance, because the current tending to’ flow 
through it is alternating, and hence can be held back by high 
reactance. 

In ‘practice this current is limited to only a-very stall charg- 
ing: currénti, The- direct current) (144+L,) is not affected by 
the reactancé in the compensator. The°neutral wire and the 
compensator’ are designed to stand complete unbalarice; that is; 
tocarty a full load’on one: legand ‘no load)on’ the’ other; 
although, as’stated elsewhere, the two loads are“as'nearly equal 
as practicable. 


. 
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Each exciter: sét’ weighs: 8,400 pasa; and ‘the exciter 
switchboard 1,382: pounds. 


ri 
SHAFTING AND BEARINGS. 
Turbine Shaft. 
Diameter, maximum............ceeccceceececvsces 9 iriches. 
Rengtts OVE BEd on end poem mie Ingres genid newer + pte % feet,.614 inches: | 
Forwatd journals. 6. ec siswetccpe dé cbnncd cic nest 6 inches X 6, inches. . 
PLRORSTPOMTUIAT: 55 edi feces + Cases anes bee ss chakiceeins 9 inches & 10 inches. 
/ Generator Shaft 
easisetee: Ghat yi, Ta Oe eee. peti ie. 145 inches, 
RM DYE Biles 35. ed, . Sdsodises estos tae 7 feet, 3% inches. é 
Aitter jodrndts- rs). 22, AGL ET, 4 18 inches ¢'8! Rane ' 
Motor Shaft 
Diamieter, maximum....,....20i.s.eecedceceecvacs 15. inches. 
FENG OVER AN Creo ort lee a cee e re teer duets 8 feet ’4 inches, 
Forward journals):./..060004.20....008. 4001 ‘).12inches’K12inches; 
Biter JOR os: iia) pads bin tins meee dees »»reoe2. inches, < /12, inches. 
Thrust Shaft. 
Distheter si. 105. DO. AL Sia.¢ 1344 EG. 1... 142 inches. 
Lengths cpegids cried} Ml pamaes dain moun laokiy 16, feet.0 inches. 
Intermediate Shaft. 
Diameter is. 247.. PONT, RS: IS FE QM AA 12 inches, 
Length. .... +45. j AMO WEAD-OENDIM) 1 Bold B96 24 feet O inches, :)/\~ 
Propeller Shaft. 
Diameter. ....:. RT, rae ecetaa Vor er sheer e re 13 inches. 
Lepbths:. asiibasi. anorina. ort ozasoak . 926 29 feet 0 inches; 


THRUST BEARING. 


The main thrust bearing is onithe propeller shaft abaft: the 
main.motor and on a separate foundation.’ It is of the: spring 
type| made by | the General Electric: Company.:' There ‘is: one 
collar on the.shaft; which. transmits! the thrust: to) a flexible 
plate backed up by a large numberof helical/springs. Incase 
there is a tendency to-undue pressure|at any point the flexible 
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THRUST BRKARING. 


plate yields at that point and thus maintains a uniform pres- 
sure. over its entire. surface... The, housing; is, entirely, full of 
oil circulated by the main lubrication system, 


PROPELLER. 


Therejis one. four-bladed,.right, hand, solid, cast, steel :pro- 
peller;of 13 feet diameter, 14 feet Pitch and naingai a helicoidal 
area.of 63.11. square feet. 


MAIN CONDENSER. 


The main condenser ‘has a cast iron cylindrical shell, 58 
inches. diameter. by, 9 .feet.long,.. There, are, 2,444 tubes,|5/8 
inch outside diameter; with a cooling sutiace;of 3,600 square 
feet,, OQpenings..are, provided. for,an 8-inch,,wet. and, a,6-inch 
dry, air pump suction;.;,The main exhaustinlet, is, rectangular; 
24. inches high. by.,7 feet: long.;, The, tubes. are arrangad: to 
facilitate, rapid diffusion :of, steam. 
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-MAIN_ AIR PUMP, . 


The main air pump is of;the wet-and-dry type, It has one 
steam cylinder 12° inches diameter, one dry air and-one wet 
air cylinder 22° inches diameter each, all with a stroke of 18 
inches. The discharge from the wet. cylinder is used in a 
small surface condenser to condense any vapor in the dry 
_ suction, 


“MAIN CIRCULATING PUMP, 


This is a direct connected turbine driven centrifugal pump, 
with a 14-inch suction and discharge, and a capacity of 6,000 
gallons per minute, A 4-irich branch from the pump discharge 
supplies water for the lubricating oil-cooler. A wash-deck 
suction is taken from the overboard discharge pipe, to be used 
in winter for clearing the weather, decks of snow and ice. 


BOILERS, 


There‘are'two Babcock & Wilcox straight tube, water tube, 
oil-burning boilers installed in’a' watertight compartment, Each 
boiler has 2,900 square feet.of heating surface and 290 square 
feet of superheating surface. The superheaters are between 
the first and second passes’ with tubes athwartship. “The'main 
and auxiliary steam connections and the safety valves all have 
separate mountings on the drum. Each’boiler’has four burners. 
and pressure atomization is employed. 


MAIN STEAM BEFENG, 


This is wrought Steel with cast’ steel Valves arid fittings; “The 
main pipe is 6 inches’ with a’ 4 ¥4-inch branch to each’ boiler. 
Connections are ‘made for ‘usitig saturated’ steam! in’ the, main 
turbine’ in’ ‘case? stiperheaters’ are “disabled. A ‘imonel! metal 
strainer is inserted above the throttle.’ There i is an hydraulically 
operated valve for automatic’ speed ‘regulation, a’ manually 
operated balanced throttle valve, and a clapper valve which is 
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closed by the overspeed: tripping device.) Steam pyrometers 
are installed at the outlets from, superheaters, and at the 
throttle. 


AUXILIARY STEAM -PIPING. 


The system is of seamless drawn copper pipe. The two 
branches, starboard and port are 5 inches diameter in the 
fire room decreasing to 234 inches at the after end of the 
machinery space. Reduced pressure’steam is employed for all 
auxiliaries except the feed and fuel pumps. All reducing 
valves are fitted with pressure gauges and are by-passed. 


MAIN EXHAUST. 


' This is built up of plates and shapes and is approximately 
rectangular in section, The area at the turbine nozzle is about 
934 square feet, and at the condenser shell about. 1814 square 
feet. No provision is made for expansion of this pipe. 


AUXILIARY CONDENSING PLANT. 


This. is the conventional unit plan, consisting of a 600-square 
foot condenser mounted directly on a veciprocating air and cir- 
culating pump. The condenser has a cylindrical cast iron shell 
of 25 inches. inside diameter and 7. feet. long. between, tube 
sheets. There are 521 tubes 56-inch outside diameter by 7 
feet 2 inches long. ‘Fhe combined air and circulating pump 
has 714-inch steam, 10-inch water, and 10-inch air cylinder, all 
with a stroke of 10 inches. 


MAIN FEED PUMP. 


This is a vertical,, simplex, pump, . with a. 10-inch’ steam 
cylinder, 6-inch water cylinder, and a stroke. of 24 inches, It is 
piped to take fresh water only and discharge to. the main. feed 
line only, It is installed in the.fire, room. 


48 
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AUXILIARY FEED! PUMP; 


This is a duplicate’ of the main feed pump and is also in- 
stalled in the fire room. It has suctions from the fresh water 
tanks, the fresh water. side of the main condenser, the hot salt 
water side of the main condenser, the sea and the bilge and 
discharges to the auxiliary feed line, the feed tank, the reserve 
tank, the fire main and overboard. 


FEED -WATER | HEATER, / 


This is a two-pass, toil’ type heater of sufficient capacity to 
heat 35,000 pounds of water per hour from 90 degrees to 220 
degrees F., with 10 pounds (gauge) pressure on the steam 
side. It is piped to the main feed line only. 


FUEL ‘OIL, SYSTEM. 


There are four burners on each boiler. They were made and 
furnished with the boilers by the Babcock & Wilcox Company. 
They are designed for operation under either forced or natural 
draft, requiring 21 inches pressure for full power. 

There are two oil heaters, installed so that either, neither, ‘or 
both tay’ be used, “Each ‘is capable of heating 3,000 pounds 
per hour of oil of 16 degrees gravity ‘from 60 degrees to, 200 
degrees (F.) with 80 pounds steam pressure. There i is one 
14-inch oil’ meter calibrated ‘to read’ in gallons and correct for 
oil having a specific gravity of 0.8981. 

There ‘are two vertical duplex fuel oil ‘pumps, the cylinder 
diameters being, steam 5% inches, oil 3 \y inches and stroke 
being 5 inches. High and. low, tank suctions are provided and . 
the discharges are to the burner line, or overboard or to, the 
tank filling line either director ‘from the dead end of the' burner 
line! Suitable arrangements are ‘made of pipes and manifolds 
so’ that ‘ither ptimp'may be’ tised for ‘any purpose ‘while’ the 
other pump is ‘being tised’ for any other. * 








or 
ds 
ne 


ler 
ke 
nd 


ner 


ids 
the 








COAST GUARD CUTTERS. 709 


FORCED-DRAFT ‘BLOWER. 


There is one forced-draft blower located in, and taking air 
from, the engine room, air. being exhausted direct into the 
closed fire room. The blower is mounted on the berth deck 
level in the starboard forward corner of the engine room. 
The fan is 2214 inches diameter and has a capacity of 18,000 
cubic feet per minute against 21-inch head, It is direct con- 
nected to a 24-inch Terry turbine. 


AUXILIARY EXHAUST. 


The exhaust system has been designed with special attention 
to normal underway operating conditions. Such exhaust steam 
as is not condensed in the feed water heater is admitted to the 
fifth stage of the main. turbine, so that its remaining available 
energy is extracted in the last four stages. This permits the 
carrying, without loss, of a back pressure of 8 to 10 pounds 
(gauge) on all auxiliaries for feed heating and the necessary 
sizes of pipes and fittings are also much reduced. The inlet to 
the fifth stage is 6 inches in diameter, which just accommodates 
the maximum auxiliary, exhaust, at.8, pounds pressure and 
obviates the necessity of a back pressure regulating valve in 
the system. A manually operated stop valve in the fifth stage 
line can be. throttled! to keep up the back pressure at lower 
powers. A combined stop-relief valve in the auxiliary exhaust 
to’‘imain ‘condenser furnishes’ the ‘other necessary element of 
control; and at the same time prevents excessive pressures in 
the system, Connection is made to the auxiliary condenser for 
port use and there is an atmospheric exhaust. The only pos- 
sibilities of air leakage into the main condenser are in the 
main ‘tutbine and main exhaust. 


pik aiegitmsatrob PLANT. 


There! ig a one-ton” refrigerating unit ‘of the Audiffren- 
Singrun type. It is driven by a 5 horsepower direct current 
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motor. Connections: are made tothe refrigerating space and 
to the scuttle butt. 


MACHINE SHOP. 


The shop is located on a flat at the berth deck level in the 
starboard after corner of. the engine room. In addition to,a 
complete outfit.of hand tools there are a 14-inch by 6-foot 
lathe, a 20-inch drill press, and a grinder with two wheels. 
Each machine has a separate motor drive. 


STEERING GEAR. 


The steering gear is of the hydro-electric type, consisting of 
a double ram working in two cylinders and direct connected 
to a slotted tiller. Pressure for the ram is. supplied by.a 
Waterbury variable stroke pump running at 600 revolutions 
per minute. Power is furnished by a 6-horsepower, constant 
speed motor, Control of the gear is by means of a telemotor, 
or manual as desired. Two emergency hand steering wheels, 
located aft, are geared to the tiller. 


‘ANCHOR WINDLASS. 


This. is a steam windlass with two horizontal wild cats and 
two capstans, It is mounted on the upper deck, The. wild- 
cat shafts are vertical. The engine, located on the berth deck, 
is a two-cylinder reversible engine with 8-inch by  8-inch 
cylinders. Control is from either the upper deck or. the berth 
deck. 


CAPSTAN. 


The after capstan is located.on the port. side. of. the upper, 
deck in a convenient position for warping and for handling 
towing lines. It is connected through ‘a pair of gears and a 
worm and wheel to a 20-horsepower electric motor on the. berth 
deck. 
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THE CRITICAL SPEED OF PROPELLER 
SHAFTS: 


By Pror. P. E. BRuNELLI.* 





Propeller shafts of light ships are often liable to work 
very near their critical speed. In many cases, as'I have . 
been able to verify, the safety margin is much more narrow 
than one likes to think, and theré‘are on record cases where 
this margin has been entirely lacking, causing heavy losses, 
financial and otherwise.’ Therefore’ the matter is worthy 
of careful consideration, and I think a simple formula to 
solve the problem will be welcome. 

The formula I propose is the following: 


x3 
=(: 7 3:3 “des 
vy el 
ah! 


Pi 
Here: 

w, = critical speed of the propeller shaft (rad. per sec.). 
To obtain the value in revolutions, per, minute 
multiply by 9.55: 

= value of the critical speed considering only the span 
between the two last bearings, and assuming these 
to be simply supported. 
g= gravity acceleration. 

E = Young’s modulus. 

I = moment of inertia of the section of the shaft. 
dy, =. numerical coefficients which are obtained as follows. . 








* Prof haniest Boginesring, We: Scuola Superiore Politecnica, Naples. 
Commute Came R. ten avy " Leesdiene 
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Call: 
1, = the distance between the centers of the last two 
bearings. 


l, = the distance between the center of! the aft bearing 
and the end of the hub: 


a 
hale 

y 
Again call; 


ps. the, weight.of the. shaft per aie length, 
|; the length ofthe hub, 
Q.. the weight of the, propeller.; 
Q'... the weight of: the shaft length in the, hub of the 
propeller 


Then: 


and let paene: 


Then: 


eho 


Take any units provided they are all homogeneous; 
i. e. if g is measured in feet per second -per second all 
other lengths must be expressed in feet; E in pounds per 
square foot; pin pounds per foot run and’so on. 

The formula is an: empirical one. I am going to show 
presently that within the limits of the usual applications, 
its results are very nearly concordant with those obtained 
by exact mathematical treatment. 

I must observe here that the particular case > ‘where. ¢ 
= 1 (acase which has nothing to do with propeller shafts) 

--was treated many years ago by Professor Dunkerley and 
Professor Chree. Professor Chree gave also an approx- 
imate formula with which, for this particular value of ¢, 
the formula given above:is exactly coincident. 
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The valué of the critical speed for complicated cases of 
shafts, when load)» and diameter are far from uniform: can- 
not be obtained’ mathematically, and even: for the:simpler 
cases. the solution of the problem is not very handy. On 
the other hand approximate, graphical solutions do not lend 
themselves to the discussion of the problem and cannot be 
epitomized in a single formula. The nearest approach to 
the conditions of a propeller shaft that Ivcan find: to’ be 
amenable to calculation is the following. We shall discuss 
later its approximation. 

Let us consider a shaft supported at two points, one of 
them at one end, the other intermediate; we have; then,two 


spans. Each span is of constant section and uniformly 


loaded, but section and load can differ in the two spans. 
Let us call 1,, /, the lengths of the two spans; 1, ps the 


corresponding loads per unit length; I, I, the moment of 


























inertia of the two sections. We shall refer the ‘system to a 
couple of coordinate axes with the origin in the intermediate 
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support ‘as shown in: thée:annexed sketch. Then by 'the 
usual theory of the whirling speeds, the deflections in the 
two spans are given by: 


d+ d 
ate my, and os =mM2")2 
if we substitute: 
Pio pz w? 
4 COC 4 
mM, I, gE and mz. 1 
then we have 
, mi _ 
Ms 
if 
Pls 
pel; 


Integrating we find two equations which contain eight 
arbitrary constants. These are eliminated by a series: of 
algebraical manipulations considering that: 


when *=1; Vix=o0 
and dy =. 
dx* 
when x=0 V1 =0 Y2=0 
D1 a 
Ely dx? Ely 
and 62s: Sts. 
dx dx’ 


and last. when . += +1, 
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ay oo a’yt 
dx? dxs 
Putting again for brevity’s sake 
mre pil 
Pl 
and 
mil; =2 


the final equation is: 


2 
(cot z—coth z) (tanh ~! z—'an 4 z)= ll 
¢ 


? e 
I 


I+ i 
( cos x Z.cosh »,) 
g e 


where \, ¢ and y are data of the problem. 

This equation can be solved by trial and error if tables 
of ‘the natural values of circular and hyperbolical functions 
are at hand. : 





If 1,=I.,94=y*= : and the equation is somewhat simpli- 


fied. If also p;=»2 we find, under a slightly different form, 
the equation given by Dunkerley in 1894. 


When the value of z has been found we have: 


sEl, 


which is better written: 
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=0.101327wWo 


= Bwo 





where the meaning of wo. has been explained above. 

I have solved the equation for a ‘series of values:of \ 
and ¢ when I, = I; and the values of 8 which result are 
given in the following table: 




















eee 
¢ 
ls 
hh 1.0 1.5 2.0 2/5 
B 
0.05 | 0.9996 | 0.9979 | 0.9932 | 0.9840 
0.10 | 0.9968 | 0.9838 | 0.9. | 0.8759 
0.15 | 0.9888‘ |. 0.9438 | 0.831 | 0.6639 
0.20 | 0.9736 | 0.8689 | 0.6655 | 0.4733 
0.25 | 0.9480.| 0.7602 | 0.5140 | 0.3464 











The values of. B..as given by. the, empirical formula 
stated. above’ are shown. in the following table with, their 


differences from the true value. 








6 le 





1.0 


1.5 


2.0 


2:5 





B 


diff. 


B 


diff. 


B 


diff. 


B | dif. 





0.9996 
0.9967 
0.9889 
0.9736 
0.9489 











0.0000 
+0.0001 
—0.0001 

0.0000 
—0.0004 


0.9979 
0.9833 
0.9436 
0.8663 








0.7390 


0.0000 
0.0000 
+0.0002 
+0.0026 
+0.0217 








0.9934 
0.9472 
0.8218) 
0.5776 
0.1750 


—0.0002 
—0.0032 


0.9839 
0.8711 


+0.0001 
+0.0048 





+0.0096 


+0.0879) 
+0.3390 








0.5649| +0.0990 
0.0312 


—1.0141 





i 





The table shows that so long 6 is greater than 0.75 or 


thereabouts the simple empirical formula is very reliable 
‘and approximate. 
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We miust now consider if the supposed’ conditions can be 
said to apply:to,.a propeller shaft.Of, course::there are 
differences; but: they are of the same order as;must. too 
often be allowed. in engineering work: 

First, the shaft,is not supported at points ie has long 
bearings.,;| Of course this’ cannot be accounted: for! in 
ordinary: calculations. Some! might perhaps be tempted ‘to 
consider the shaft as encastré but with the values ofthe 
play in such bearings this is absolutely out:of the question. 
It: can, be verified easily that the ordinary values of the 
length of the bearings and of the play: allow a larger value 
of ithe inclination.of the elastica than: could: be realized: in 
a|Shaft, simply: supported,.and this disposes of any idea of 
encastrement. 

i Second. the two: spans we have cniinidine’ are not the 
whole ‘shaft which is continued ‘towards the .engine. If 
the next: span is short, its presence: can: raise the value: of 
the critical speed by something:like’:20..0r:'30,:per: cent. 
If it:is long there!is no appreciable erin in - value of the 
critical speed. 

Third, there are variations in the Saison of the shaft. 
Slight differences where ‘the shaft is supported by the 
bearings are not of. great consequence. But we have 
neglected the tapering of the shaft end and this is not 
without influence, even if, in hollow shafts it is partially 
compensated for by a reduction of the bore. On the other 
hand, the shaft is enormously stiffened by the hub of the 
screw and there is no doubt that this more than com- 
pensates for the effect of the tapering of the shaft. 

Fourth, the screw is not exactly a load paoneey dis- 
tributed. 

Fifth, the righting effect of the transverse dispeggigns 
of the screw has not been taken into account. 

Sixth, the load of the screw is not extended to the sedan 
where the shaft is supposed to be supported. The method 


i 
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we have indicated for covering this point of the calculation 
tends'to minimize any effect of this discrepancy; 

Seventh, we have not taken into account theeffect of 
the thrust of the screw, and this can probably ‘lower the 
critical speed by something like 2 or 3 per cent. 

In a few words the main facts neglected by the formula 
all tend to raise the: critical speed above the calculated 
value; and as item 7 (which tends to lower it) isnot: of 
a’ great amount: the calculated value’ allows ‘a certain 
margin of safety. All these items however are not enough 
to explain the satisfactory behavior of certain shafts, which 
sometimes are run at speeds which exceed: the calculated 
value by more than these same items‘ ican’ justify: ‘The 
redeeming feature must be therefore, the damping ‘effect 
exerted by the water in which the shafts revolve.) This 
however: shows how easy it) is to approach’ very near to 
a perilous condition with installations which are meant to 
have a large factor of safety. 

The following example shows the method of calculating 
critical speed by the formulae already, given. 


NUMERICAL EXAMPLE. 


(metrical units). 





External diameter meters 0,125 

Inner diam. meters 0.065 

Load per meter (1) Kg. per meter 609.7 
Moment of inertia (T) (meters) 4 11.108 X 10-® 
Young’s modulus (E) __ Kg. persq.m... 2.2X10'? 
EXIxXg 239.5 X 104 
EXIxXg + pi 3-4360 XK tof 
yEXIxe ise 183.5 

1,’ =0.274 + 5.610 + 0.215 meters 6.099 


odd inlibe 
Wo = ry Elg+ pi rad. persec. 49.20 
1 














>4 
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Wo 


Length of the hub 


Weight of the screw 
Weight of the'screw per meter Kg: per met. 
Load on the external span (p2) Kg: per met. 


p2 + pi (1/94) 

l, = 0.264 + 0.274 
le = Ii (r) 

d® + fo* 

Ive'g. gXP tt gt 
Critical speed (w) 


rev. per min. 
meters 


Kg; 


num, 
meters 
num. 
num, 
num. 


rev. per min. 


470° 
0.264 
254 
962 
1032 
14.8 
0.538 
0.0882 
O.O1015 
0.9665 
454 
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A PRACTICAL. METHOD -OF CALCULATING: THE 
POWDER PRESSURE AND THE VELOCITY ‘OF 
PROJECTILE ALONG THE BORE OF A * 
CANNON. ee 


By: Atpert E. GuyjMajor, Ord. Dept., U. S.A; 
Associate MEMBER. 


The Leduc ballistic formulas are in current use in France 
and have been adopted by the U.S. Army and Navy Ord- 
nance—with suitable modifications to meet powder char- 
acteristics—because their application has furnished results 
consistent with practice. The following is a mere develop- 
ment of these formulas intended to facilitate their applica- _ 
tion to drafting room work. 

Charts I and II are used for calculating and delineating 
the powder pressure curve; Chart III is used for establish- 
ing the velocity curve of the projectile throughout the bore 
of the gun. 

From the point of view of the delineator the design of a 
gun is based upon the following factors: 

C, The caliber or inside diameter of the bore as meas- 
ured across two opposite lands; it is expressed in 
inches. ' 

uo, the length of travel of the rear of the projectile along 
the bore, in inches. 

P,, the maximum effective pressure on the base of the 
projectile, in pounds per square inch. 

P», the maximum pressure exerted by the powder gases 

on the breech, in pounds per square inch. 
the weight of the projectile, in pounds. 
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V,._ the velocity acquired. by the projectile when its 

rear end leaves the muzzle plane of the gun; it 

is the muzzle velocity and is expressed in feet per 
second. 

v, the velocity of the projectile at any point of the 

bore; v becomes V_ at the muzzle end of the gun. 

With these factors it is possible to determine the variation 
of effective and powder pressures along the bore due to the 
expansion of the powder gases, without taking into con- 
sideration anything regarding the weight of the powder 
charge, its density and other characteristics. The deter- 
mination of the capacity of the powder chamber depends 
entirely upon the powder characteristics, and the shape of 
the chamber upon the practice adopted. 

A factor of security is used as a constant, whose value is 
taken as 1.40, and by multiplying each of the ordinates of 
the powder pressure curve by this constant a series of 
plottings is obtained which serves to establish another 
curve, called the safety pressure curve. When the elements 
of the gun barrel are outlined and calculated for strength, 
the resistance of the gun, within the adopted elastic limits 
of the tube and hoops, may be represented by an élastic 
strength curve which should at least be coincident with the 
safety curve. It is not possible to meet this desideratum 
in practice, and the two curves are likely to cross one 
another at several points, with the result that in some in- 
stances the factor of security falls undesirably much below 


* the 1.4 mark. 





CHART NO. I. 


The curve representing the variation of the velocity of 
the projectile along the bore has long been assumed to 
approximate a branch of an equilateral hyperbola whose 
equation is 

UoV Fb6V=—aio=O - oS LSS Eq: 1, 
uo being the full travel of projectile in the bore: 
V, the muzzle velocity. 








its 


its 
tic 


4m 
me 
in- 
OW 


of 
to 
ose 


¥1, 








PRACTICAL ) METHOD ‘OF ‘CALCULATING: 725 


Parameters a ‘and;'bvare complex: functions: containing 
a a variety of terms, such as: 
w, pounds weight of smokeless powder in the charge; 
p, pounds weight. of projectile; | 
A, density of loading, -which varies between .4 and .7; 
S, cubic inches capacity of powder chamber; 
4;; specific gravity of the powder. This' varies between 
1.54 and 1.62. 


a= ~6823(* ye ay re 


b= (: a >) ( yr 3; where Bisa pond constant, 


dependent on form and’ dimension of grain, “amount of 
volatiles and temperature! of powder; largest for: islow 
powders. 

Asimost of these terms must be established by careful 
experience, the application of the main formulas is rendered 
therefore laborious, and’ the results) areuncertain:' As will 
be! shown, the methods: developed here leave ‘aside the 
factors: concerning the characteristics of the powder and 
nevertheless insure correct results. 

From Equation 1 the velocity is sabe peel 


au a 
oF pqage cheb tore Ep Eq: 2. 


The ysual elementary formulas give: 
at he eS 
Laidiicn thi tnay bs@ue : : 

Where m is the mass of the projectile; 7 its accelération, F, 

the force acting on the projectile and tis the time... .j.:7 


= | 


F=m j; 


dv 
=v — ee ee e 
in ve om q-°3 
Considering a.and b, as constants, ‘and differentiating... 
dv ab 





du (b+n)? 








ie 
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Replacing in Equation 3,;o:by its:value'in Equation’2 ‘oe 


dv 
ra by, its value in Equation 4, the acceleration is: 
u 








a A au ‘ab a*bu 
Pond (64a). OFuy” Fup 
bu 
Whence Pampa } i 
ence wy he oe Eq. 5. 
Now, leaving a and 6b constant it is easy to show that F 


: b’ 
becomes a maximum when the travel u=-. 
2 

t 


~b 
Replacing u by > in Equation 5, and designating F, the 


maximum pressure, by Fu; we have 


2 ‘ 
B bertidege-od denis zara) sage) to 320 Eq, 6. 
a7. D : ae 
Let Fe be: a‘constant: pressure acting upon the projectile 
throughout the! travel mo, (expressed in feet) at the end of 
which the projectile has acquired the Lesa V, then 


2 
Feuo= = may 
2 


. 2 a 
aaa ee poweible (0 oe ae Eq. 7. 


2Uo 








Squaring both members of Equation 2, making »=V and 
u=Uo: 





a? Uo? 
7) (b+ U0)? 
This value introduced in Equation 7 gives: , 
24,02 2 
ee Ae ee eens ee: 


2uo {b+4Uo)? 2 (b+ 40)? 
Dividing F. by Fm, from “Equations 6 and 8: 
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Fess m (a%eis27 6b ay bus 


Fm 2 (b+)? 4 ma? 8 (b+)? Eq. 9. 
Usually. the maximum ‘powder pressure P, is a given 
quantity. The maximum pressure P,, upon the projectile, , 
is less than P,, the difference being allowed to aceount for 
friction in the bore, in the rifling grooves, ete. The value 
adopted is P,=1.12 P,. 
As Fn is the total pressure upon the projectile, A being the 
cross section of the bore : 





Fm P 
Pp =m =— pene lt 3 
i ae 1.12 
Whence Fin = AP, 
I.12 


The cross section A is understood''to- be'the total area 
of the bore and of the rifling grooves, . Inthe} preliminary 
project the number and shape of the grooves are not yet 
determined, therefore it is necessary to estimate approxi- 
mately the cross sectional area of the grooves proper. This 
may be done by comparison with guns already madé/'' An 
easy way is to take the average ratio of the total cross 
sectional area of the bore of the £1 guns, listed in the cannon 
table No. 1549, to the cross sectional area of the bore proper. 
Calling A, the area of the bore, of diameter C, it is found that 


Mean ratio le nogge hy Dewey Eq. ro. 


For calculation this may be rounded up to 1.028. This 
figure is adopted here. 
Then, since 


1,025 





9 : 
Ao= Be we have A= rC*, and 


wm 1995 oe 


Fn 


: aE igs 0.71878 C*P, Eq tr: 
4 1.12 : 
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Replacing| Fe and Fm in Equation9 by the Values in 


Equation 7 and Equation II, making mM = 


ga 3a00™ i6" and 


taking to to’be expressed i in inches, we have © 

















y WEA. 6pv? pape 27 Ole 
ie 32.160 0. > 71878C*P, a (bt uo)? esti 
rg 6X8 o0 pve btto 
Wh . = 
“ 32.16X0.71878X27 C*Piwe (6+ 0)?” 
na buo 4 4 E 
2 a. So BG. 24. 
Or 0.07691 CP, u ~ O40) 


Making the first member =constant =k; for the present; 
the equation may be put in the form: 





(he brk 0)? ~bup= 0.1)! 
ee ee 
ek aa oe 

Gabeitniien den re 








rigid oe = U.aen) we We (75 *Yrre my : 
— me Te ae 2S, 

Andrfinally | ., sat 

mil Crit es | Or) 

ay art <3, - — suite Bg 14. 


The factors:composing k beihggiven’ quantities: it is but 
a matter of simple calctilation to obtain b caches taking 
into account the Bowser characteristics. 
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By means of Equation 14: a: diagram may be-established 
which will give at once the’ ratio” iy corresponding toa “value 


of 2k. All the preliminary ony necemery * wile consist only 
in calculating 2k. 
Replacing k by its value in-Equation v2, gives: 


box C*P,ue..... ‘) “V(«85 5 )- 
ye (oe ) soem | I 


_In order to determine the coordinates of the diagram, let 


C*P. uo : 3 gs 
6) 5s = Re Yiikisonmon pow sle_-nallia fits 
5” DN? PN? RT Pay Regnee Mae 


297 FV 





then ° “Dowel nealing 


ana) (isn) mryms The rey erase . 


(eX), 

ei + a err at to 

Whence ‘ke = ae ok sat A a ge ae wee cae as — Eq: 17. 
* the 


Practice shows that z may:vary between the limits o:150 
No 
to 0.650. By calculating the values of ko corresponding to 
b- oe 
a 0,15 50;) 0.175, 0.200) 0.228, 4 4): 0.575;10:600, 0-625, 


0:6%0,-or; in all; 27 values; accurve maybe established which 
will be found very convenient, and will suit any value en- 
countered in practice. Such a curve is submitted herewith 
on Chart No.1. This Chart is complete in itself, containing 
directions for use and an example of the éompitation neces- 
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saty as appliedto one gun in service; »The gun selected 
at random is the 4.7" A.A: Model 1918. The given factors 
are: : 

C = 4.7"! 

Uo = 166.13” 

P= 34,000 Ibs. pefisq: in. 

p =45 lbs. 

V ‘=2400 ft. perisecond: | 


k _§.5X4.77X34000 X 166. 13 
45 X 24007 
This value is easily read on the ko scale of the Chart 


and|when plotted horizontally on the ¢urve-the vertical 
projection of this plotting onto the lowér scale gives at a 





=3.129 





glance the required ais which, in this instance is 0.2495. 
No 5 


Then b=0.25 and wo=0.2495 x 166. 13” and the point of 
maximum pressure, as derived from: Equation 5, correspond- 
b 0.2495 166.13 = 

2 





b tele ee 

ing to . as abscissa, is situated at 
, 

20.745’ from the origin of the travel of ‘the projectile 

in the bore. 


VARIATION OF PRESSURE ALONG THE BORE-——CHART NO. 2. 





Reverting to Equation 5,and making F, = F = pressure, in 
pounds pert square inch, for any length of travel, theti 

u : 
(b-+-u)* 


The maximum value of F: is Pm; it corresponds to a 





F:=ma’b 


ieisbal it and is°a known quantity. It is expressed: in 
masta ' 


Equation 6.as 
2 i A! Fa? 
Fa=s—m sor 
ay D 





d 
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Dividing F: by F = will eliminate m and‘a* and will make 
it possible to calculate P: for any value of u by means of 
known constants. 

Fy u 27 5 27 “ 
— = 2h ———— 
FOGG atm | pw EF 78: 

Both F: and Fm represent total pressures acting upon the 
full rifled bore area. Dividing. each by this area gives the 
corresponding pressure pet square inch, respectively P: 
and Pa. 

Therefore 


Pri Ben Ac aay, Uu rm 


Thus 











Pm A : Fr. Pt: (b+)3~ fa Seas? «5 Buon Eq. 18! 
4 u nb . n 
fe = = and 
Let b n, then (b-+u)* (b-+-nb)? b( 14m)! 
Pr 27.0 ace 
To ee or Sees tere7 . 19. 
Pa 4 (1+n) q 


By giving to ” successively increasing values, up to a 
: ae 
practical limit, and solving for each, a series of 5~ ratios may 


be had which cai be conveniently charted for use. In this 
way Chart No. 2 was established, and it makes it possible 


. Px : : 
to read at once the ratio —° corresponding to a given ratio 
= ! 


u 
of at 
To.compute, this chart more.easily the difference, be- 


I 
tween two consecutive values of m was selected as 3 for the 


convenience of the delineator between o and 5, and as 


; between 5 and 9, the limit of the Chast, 
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_Whence;, maling:: 





' Peseta 
vig Gee 40 one 
“The values thus computed are tabulated hein, “Inmany 
instances they will be found sufficient for the purpose,, vat 
the length of travel is suitably divided, and will save 
alittle time which otherwise would be eee? for reading 
them on the Chart. ES 

















| 
Px, » Be Pa’ Px! 
" Pm a Pm " Pm " Pm 
.125 593 | 2.125 471 | 4.125 | .207 |* 7,25 | .0872 
.250 864 | 2.250 442 | 4.250'|” 1982 7.50 |} 0824 
1875 | 2697he|, 2.375 AI7,|... 4.375 | .1905 7.75: 8 
500 | ‘1.000 | 2.500 394-|” 4.500 1826 | 8.00 | :074 
625 983 | 2.625 372 | 4.625 1758 | 8.25 | .0702 
750°} + :945'}) 2.750 352 +40750,|, 1686 | +; -8:50,|.,; 0669, 
875 896 | . 2.875 334 | 4-875 | .1623 8.75 | .064 
1 .844 | 3.000 315 | 5.000| .1562| 9.00! .0607 
1.125 W792! 132125 300 4/115:250) 9.1455: tiwibed ad 
1,250 AL |. 3.250 ,286 |. 5.50 .1352 
1.375 693 | 3.375 D724 S278? A271 - N 
1.500 .648 | 3.500 .259| 6,00 .118 
13625!) 606) 35.625 hoop 224B, 6.25.) poh 112 
1.750 568 | 3.750 | (.236) 6.50 104 
1.875 .533 | 3.875 .226.} 6.75 .098 
2.000 500 | 4.000| ~216 | 7.00 .0923 




















When 4a suitable number of’ a ratios have been selected 
for a given gun the corresponding powder pressure is ob- 
tained: for each ratio by, simply. multiplying, the-latter -by 
the Pm given, or Px=ratioXPm. The pressures thus ob- 
tained may be plotted at a’convetiient’scale atid a cwrve'fiay 
be drawn, joining all the plottings; this is the powder pres- 
sure curve. 











hie ' a 
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By multiplying each of the ordinates of this curve by 
the constant 1.4, new plottings may be obtained which 
when joined will give the Safety Pressure Curve. The com- 
putation of the ordinates,of this:and the: preceding curve 
may’ be made of ‘the slide rule with an accuracy amply 
sufficient: for ordinary practice.’ 

Chart No.-3-—Showing the variation of velocity. of the: ‘pro- 
jectile along’the bore. 


AA? 


Taking Equation 2,u= a bi ‘ind solving for. a when: 7 


ia 

v=V, Uo and with b obtained by means: sof 

Chart No.- ay Bt8 bs cas *: 
VK (b+u0) | 


we have a = ———————- wibich Sabdedd it pbibabt be. com- 


oO 


pute the velocity V: for any travel ux. 


Making n= ‘ , just as was done for Chart No. 2. 





By giving to m successive values from ; to 9 a series of - 


numbers is obtained which, when each is multiplied by the 
constant a for a given gun, will give all the ordinates 
necessary to determine the plotting of the — curve. 


Chart No. 3 shows a curve giving the values of - 2 coereepontl: 


" / nN ° . 
ing to ——— between the limits o to 9. 


I+n 
n 
.. The computed values of thn fe given in the following 
table. In many instances they may be used directly, thus 
saving reference to the Chart. : 
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: “DHE NEW CAPITAL SHIPS.« 


Mr. Lloyd George has frankly told Parliament that the reenenel: ot 
four obsolete ca — ships of the British Navy ry being undertaken 
irrespective of possible success or failure of the fertheotaitig Wash. 
ington Conference. ‘There has been a certain stent of pry gp tebe 
ithcnurecn the GOddtailan Wo delay the giving oot OF ibe Saaaere. For I 
four new capital ships beyond September, but great as is the — 
stringency, the decision of the Government is against further 
laying down of these four ships is indeed no stimulation of ca utive 
building, if we have regard to what America and Japan have been doing’ in 
the way of expanding their fleets. Our whole attitude since the armistice 
has been to hold back sly. At the same time, as the Prime Minister 
says, it would be a derdlichen of duty to allow the | + of the Navy 
to deteriorate or to neglect to provide it with material ‘it ‘can feel 
confidence, Our security at sea must be maintained, sat it is Sethe er geek. 
ceed with the preparations for four new ships quietly and at moderate 
speed than risk an outburst of popular agitation later that we were 
lecting our defences. It is just as well to enlist public confidence 
timely, which need not be excessive, i oboe —*“Shipbuilding and Ship- 
ping Record,” i 28, 1921. a 





NAVAL STRENGTH OF THE POWERS. 


The pcandary sition which this country now occupies among the 
naval powers o the, world, is clearly shown by a Government return ‘re- 


ceritly made to the House of Commons by the ry of the Admit 
The statistics, which are summarized in the ey tables, inc 
warships of the classes indicated, which have been d'since the end 
of 1900 and. also refer to vessels under construction. fie the matter of 
capital ships it will be seen that the first place is now held by the United 
States, whic ‘chkiy ‘has a Riogiereeragt built and 11 Dattleshige and 6 on 
id sa construction, while Great Britain has 23 battleships and 
are oan re hae cae 


power, is. - 
re Sani i at ve 4 
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Mexico, Idaho and Tennessee since 1917, and the 11 now building will be 
completed before the end of next year. Six of the latter, viz., those of the 
South Dakota class, are of 43,200. tons displacement and of '60,000 horse- 
power, and each carries twelve 16-inch guns, sixteen 6-inch guns, four 14- 
pounder anti-aircraft guns, and two 21-inch submerged torpedo tubes. The 
battle cruisers now building in: the United States are of the Lexington 
class and are expected to be completed in 1924. They are of about the 
same displacement as the battleships, viz., 43,500 tons, but the machinery, 
. which is of the turbo-electric {yPE,. will 'be of 180,000 horsepower. The 
armament is similar to that of the battleships, except that only eight 16- 
inch,guns are.carried and that there are four additional torpedo tubes above 
water as well as two extra submerged t 

Of the battle cruisers building in Japan, no particulars are at present 
available; and all that is known of the Japanese battleships. under construc- 
tion is that one of them, the Mutsu, is of 33,800 tons displacement and 46,000 
horsepower. and that she will carry. eight 16-inch guns, twenty 5,5-inch 
guns, four .12-pounder high-angle guns, and eight torpedo tubes. . The com- 
pleted warships include Fuso, Yamashiro, Ise, Hyuga and Nagato, all. fin- 
ished since the outbreak of war. The latest of these, the Nagato, w 
was oaly ‘completed last. year, carries the same armament as the Mute, 
and is also of the same horsepower and displacement. 

Although Russia is nominally building four battle cruisers, two of which 
were. launched in 1915 and the other two. in 1917,.the work. on these, vessels 
is not. actually in progress, ‘Their tonnage is given as 32,500 and. their 

‘horsepower. as 68,000, while the armament is stated to be twelve. 14-inch 
guns, twenty-four 5.1-inch guns, and. six submerged torpedo tubes. 

éther these vessels will ever be completed is, perhaps, open to question 
considering the internal condition of the country, but,,in any. case, the 
vessels are outclassed by those of other powers, above, referred to, The 
point we wish to emphasize i in connection with capital ships is that the po- 
sition of Great Britain is relatively weaker than appears to be the case from 
a consideration of numbers only, owing to the fact that the vessels com- 
pat or approaching completion, in the United States and Japan are of 

ter design. 

No country is now building the class of vessels known as armored 
cruisers and first-class protected cruisers, but. the British Navy netaies 
three of this. ty: -ourageous, Glorious and Antrim—while the 
States possesses 15 and Japan 4._ France, Russia and Italy have 10, 9, oe 5 
cruisers, respectively, but 2 of the Italian cruisers are regarded as. 
military value. The position with regard to light ph eri is eee 
I, from which it will be seen that, of this; of ‘vessel, G ace 
owns more than all the rest of the, world , together. The British 
cruisers building are fore of an impro ran Hin ‘Class, three.“ 
class, two “ E” class, and two other vessels, regard to Birra ft caf- 
riers. the British Navy also and tr og ition, having, 
vessels of this type compliers | and two completed. a 
carriers are ervees, sa Annee £8 Royel,. wile Pint 
are Hermes and he United § Ss sod France tai 
carrier each, and 5a these countries have abether se af the #4 cine sss 
in hand. J tg ‘has no aircraft carriers, at Present, but the construction of 
one is unde: 


consideration, 
- With to smalle ey relative Bagi sof ‘the hin 
i Sheed, on er'c tian ve. sitions v i ia 







ire 


can be seen . Hee Fi eendl inant positi 
Ente Sit States, both in id aad aumaroe, " at fie 
evident. The United npeeeny Naw des 278 destroyers, Of which 178 


“have been completed since the end of 1918, "Of the 40 now ine! c onstruc- 
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‘TABLE I/--CaPITAL' SHIPS AND LiGHT CRUISERS. 











ae s» \i, Battleships, | Battle-Crnisers. |” Light Cruisers,” 
Built.’ } Building: | Built. | Building. | Built. -) Building. 
Great Britain, ..|) 23°" sta 8 wa 51 To 
United States..:} 36’ EI Ui 6» om tag 10 
Japan rie. ics..d 12 3 7 2 ios 8 
Italyi.i...cuusihe): nat adits ti ie Gs he ridigue 
? abel) 9 Li. ove § 6 
; ‘rot drszi: (Pro-;\: 
France s.essisbys-- [TL och inet 9 jected);; 
Rusgia,.i.d..ssedeef)9 13 ooh! frome {tosl rfid only 8. 
Germany. aii... }: 4) By bp ti je otph eve nih id 









































*/The Minister of Mutine has power to retmove'4/of these vessels fromi’the list. 


TABLE TT.—SMALY, CRAPS. 











Flotilla\Leaders;.. |.|.| Destroyers: {.:)):/:s; Submarines, | 
Built, | Building. | Built. | Building. | Built, | Building. 
Great Britain...) 16 [°° 2° 185 ht shoe wey 8 
United States...) anf i got t03) P46” 
Ja pat ........ e000 bi age ak B4 | 9 oe A Ge ee 
FUREY titasacarestes 8 pede 62 PO oa Sls Gl 3° 
France .........:.. ee ee ee ee bg 48°F. 
(12 pro- arrae 
ioe || feeted) ew te 
Russia’... 822. oe head ie Lace sae RB 4 agin 
Gérmany’. 22.0877 91.9°9 PP SBT Ops agg Ng Tov yor) % mj, 9S 























tion, nearly all are of 1,215 tors displacement, ‘atid of°27,000° horsepower, 
while" thé “arnmémenit” js getierally’' four’ 44ineh’ guns, one 14+podnder anti+ 
aifcraft ‘gun; and’ four’ 21-inch ‘triple torpedo’ tubes. “Otily ‘six destroyers 
and ‘two’ flotilla leaders'aré néw buildifg' in’ Great Britain, the’ two flotilla 
leaders being ‘Keppel’ atid Rooke, both of “2,750"tons displacement’ and of 
40/000 hotsepower:*'’The’ armament of ‘these vessels includes five 4.7-inch 
guns, ‘oné '3-inch' gut;two 2-pdinder’ ging and two ‘triple torpedo ‘tibes. 
The British destroyers under construction are Shikari, Thracian, W hite- 
hall, Worcester, Wren, and Witch. The two first-mentioned are of 1,075 
tons rama and of witness ag yer, wo both Poo oc oe 
guns, one. ¢-pounder,; gun. an o-double torpedo ‘tubes >; the other; four 
staple Lae to dad cart Pe praree ns slag 2-p lender guns, and 
two triple torpedo‘tubess’ The horsépowers' of White Worcester and 


W: en, are;27 Tn ile, that of Wi th is, 3 Met asd troth tsoteadooly 
Ru hare en es. tied piace vith regard to destroyers, having 
98 of these, vessels completed and.21 in hand, while the Japanese Navy, 
which, occupies the. fourth placé, includes 64 destroyers..and is, building 
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nine in addition»; The datter | include«six: first-class -and.four! second-class 
vessels, the former displacing 1,345 tons and having machinery of 38,500 
horsepower, , The armament. of, the. first-class destroyers is four 4.7-inch 
gtins, two machine guns and six torpedo tubes; six exactly similar vessels 
have already been completed. 

_In;connection:with. submarines,’ the extensive:naval; development of the 
United States will also be apparent from Table IJ. There are 46. subma- 
rines now building for the United States Navy, which already includes 


103, and the new vessels will all be completed during this year'or next: ~ 


- The»majority-of the existing vessels are also of late; design, only ‘33 of 
them having been completed before 1918. The British: Navy,.as.shown;in 
the Table, includes 89 submarines and is building eight in addition. .Of the 
vessels building, seven are of the “ L,” type and one is of the “K” type. In 
the’ matter of submarines it will be seen that the Japanese Navy is rela- 
tively ~weak, since it includes only 23. vessels of that! type, -while..15addi- 
tional submarines are building. Italy, on the other hand, -has: 64: subnia- 
rines and is adding three to their number, while Russia is buildirtig ‘22, so 
that, if these were to be completed ina reasonable time, the Russian sub- 
marine Navy would be greater than that. of. either France.or Japan. . Very 
little information is, however, available as to the Russian Navy, and the 
— given, both for vessels building and completed, are by no means 
reliable. 

The condition of impotence to which the German Navy has been re- 
duced’ can’ be<gathered fromthe tables, and°to this we’ may add the infor- 
mation that the eight battleships it now includes, are all old designs com- 
pleted between 1904 and 1908; no guns larger than 11-inch are mounted in 
them. The German light cruisers are even Milder. dating from 1899 to 1905, 
and their armament includes ten 4.1-inch guns in each case, except one, 
which has been completely disarmed. The. most modern destroyers  re- 
maining in the German Navy were completed in 1913 and ate of 555. tons 
displacement and of 15,000 horsepower; they carry two 4.4-inch guns, four 
machine guns and four torpedo tubes. The only other war vessels left 'to 
Germany are 16 torpedo boats, completed between 1907 and 1911 and. at 
present disarmed. 

Thus, what was in pre-war times the main: incentive to naval construc- 
tion.in this country has, for the time being at all events, ceased to. exist: 
Sea power is, however, still of vital importance to the integrity of,a,scat- 
tered empire such as ours, and the British Navy is today, no less than 
formerly, ‘an essential instrument. for the preservation of the peace of the 
world. Thus, although the necessity-for numerical superiority may, be less 
than it,-was, the need -for. the, highest: possible efficiency is. even. greater. 
For this reason, jit'is importantfor, the. public to:realize the fact, above re- 
ferred to,:that, whereas, the) majority. of the, he ital, ships of the British 


Navy .were,.designed -before -lessons; learned “war, could. be: applied, 
some: foreign Powe have. made, and are g, considerable use of the 
recent practica 


experience in naval atlas ineering,’’ July. 2%, 1921. 





AERO ENGINES. 
By Atay E. L."CHortron, C.BLES M. Ingr:'CVE., MeL Mee. 
Lecture d.—Delivered: January 7 thy 192L...55% 


Mechanical flight has been ’a' problem’ of” great” atttaction “from” wet) 
early times: Though ‘most early 4 eters and ‘experimenters Conceived ‘the 
cre mover to rege man himsel reasoning from ani analogy to’ bir rd Sipe 


few even long ago arrived at the ‘conclision that some more ‘po 
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motor,than, human muscles qvas practically aonecessity.: ‘Giovanni. Borelli, 
in 1680, says: “It is impossible that men’ should be able to fly craftily by 
their own strength,” and Sir George Cayley, 1809, whilst admitting. that 
man "if he can be made to exert his whole strength advantageously upon 
a light surface similarly proportioned to his weight as that of the wing of 
a bird * * * would fly like a bird.” However, he says, “To produce 
this effect (practical flying with considerable weight) it is only necessary 
to have a first mover’ which will generate more power in a given time,.in 
proportion to its weight, than the animal system of muscles. 

Though Sir George Cayley, judging by his qualification only, apparently 
did not think the prime mover to be a great difficulty it proved to be so. in 
effect, for we successfully flew on gliders before we had developed the 
first’ mover to impel them. 

In these early days Sir George Cayley saw that the only prime mover 
then available, the’ steam engine, was not the only agent, for he. says, after 
dealing with possible developments of Watt's steam engine, “It may seem 
superfluous to inquire further relative to a first mover for aerial naviga- 
tion, but lightness is of so much valife in this instance that it is proper. to 
notice the probability that exists of using the expansion of air by the 
sudden combustion of inflammable. powders or flints. with. great.advantage,” 
instancing an early oil engine of William Chapman, of Newcastle. 

The. earliest internal combustion engine described in this country, how- 
ever, appears to have been that of Robert»Street,'in 1794.’ This motor’ con- 
tained a'cylinder heated, at: the bottom bya fire to evaporate spirits ‘of tur- 
pentine below:.a motor piston. : The motor: piston’ was drawn up’ and ‘air 
allowed. to enter to: mix: with the vapor, which was then ignited ride 3 the 
piston: further: upwards and: forcing a’ pump piston’up by means of a lever; 
the return stroke being: performed by the weight of the motor piston. » Sir 
George Cayley..was: evidently aware -of» the» advantages: which might” be 
obtained with this typeof engine, although he apparently! did not know ‘of 
the. proposal of: Street,.for: he states; Probably a much cheaper engirie 
might be produced by a gas light apparatus:and by ‘firing ‘the inflammable 
air generated with a due proportion of common air under a piston,” ‘The 
last. sentence represents more.or Jess exactly: the aero ‘engine we have today, 
carburetted. air mixed with ordinary. air ‘fired electrically ‘agaitist a piston: 
However; the-successful aero engine was to be Jong in’coming, so long that 
the: steam engine was still the only possible-agent for experimenters who 
had arrived at the stage of completing their designs, up to the prime mover, 
until practically: the present day: : 

In, searching for’ possible means for producing motive power other than 
the. steam. engine, the early investigators: considered ‘a very great: number 
of; possible combustible materials for utilization by the internal combus- 
tion method; both gaseous, liquid ‘and solid materials were contemplated, 
but: up to the present, success: has only been achieved by the use ‘of gaseous 
and. liquid: fuels, .The relative value of afew of the different substances 
that have been‘ proposed for the purpose of producing power depends, of 
course, primarily on the quantity of heat: évolved-‘on combustion, The 
calorific, values for a aaier of different! materials are’ given’ in Table 1. 
the products of’ combustion being assumed to be carbon’ dioxide; sulphur 
dioxide’ and. water in. the state of vapor. ./The: heat values are given‘ in 
British thermal units per pound! of the material:in: each’ casey! 
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Tape I or @anaiiric Vaiur ‘or Dirrerent SupstANc#s: BariisH’ ‘THERMAL 
Unrrs Per Pounn, 





Hes 288 Fe ee ae ae eee bias - 84.800 

NUN ee ee as cb ane Encuinc sane Gta aieniox at 23,500 
pas sd) gba titan toedaiga aah a A desatsti den aichch ose te tedecived +) 21,450 
PORTE PRO ons ess os os hs nncdnn dnee oe Pia dusky de ecrn 16,190 
BT Sa iii so Sos imac ba Fao ma dne <lins @Me cdr edaioner +i 12,900 
Methyl! Alcohol 0s ces ee adpes ne bo dcahe tdinhsgs dA kA +++ 9,600 
Ps sc ene ys 774i 5 tah x ean n toga cha bah nt stad nek? meuarentite 
CR Bone anc hagas te atiny: ealen 
hn glee gS cee ee ap Sipe Ge yge eialainta RS. 
BiranRaeRY ok 288 SICTIC ALI Dae Ne ES 
Anthracite Nie ari eal rey Gn ae is Lee TD cles eat eh 
Se ee eel cy aa kno a Ha se Oekaki awn PG 
Pine containing 12 per cent of water 
Oak: containing 12 per cent of water 
75 per cent Dynamite .......-.,..:. reat 2% gael ahi Sia 2,320 
GNVIGET oe fener ccc. ee cian ce ce ds naar atoe 1,300 
Pixplosives ‘of Alnmontim, o.oo es. nsec ep cant cee vane } 1,470 


Nitrate Class aes A 83 per cent of Ammonium Nitrate 
Trititro "Porm. CLIN ted Sears ccs cnes ced iaebecacdspacnas oo 6,498 


From the above able it will be seen that the fuels which are in practice 
used :in .snternal combustion engines are some | way down ‘the: scale as re- 
gards..possible, heat -value per unit weight of fuel; The advantage oni this 
basis. of utilizing.a fuel -with high hydrogen: content will: be evident: from 
the Table., The: practical, difficulties: to be expected are great; but as ‘light 
weight is of such: fundamental importance in: flying: the question of the pro- 
duction of .a, higher value ifuelseems to merit consideration. © {5 

Explosive compounds such as are used in guns could be applied in car- 
tridge, form, to ‘the turbo engine, but»the practical’ difficulty, the weight, 
since the/oxygen for combustion: is:to:a great extent to be marebat with ‘the 
compounds, renders their. use prohibitive. 

The use-of.steam in turbiries, | instead’ of -internal combuation engines; is 
advocated; on:the score of greater reliability, but: it must*not be forgotten 
that this reliability with high: efficiencies: has ‘only been: obtairiéd’ om land 
plants, where weight considerations could'to a great extent be‘ disregarded. 

he great disadvantage of. generating: heat outside the working fluid’ is, of 
course, that it involves the use of a boiler ‘in addition to’ the ‘motor itself; 
and, if high efficiencies are: to be obtained; a: superheater ‘and ‘ati “efficient 
condenser.» The-latter ‘alone, on account’ of: the ‘necessity for: expanding to 
very large volumesand for using air-cooling for condensation with: the 
consequent large bulk and -head resistance, would prevent any approach to 
the highest possible: turbine efficiencies for flight purposes.’ On - this 
account even the most recent developments: of: the ‘steam turbine cannot 
compete with the modern aero engine: as regards weight for power. As 
regards..thermal, efficiency, the) steam: turbine plant is still: considerably 
behind ithe modern. aero internal: combustion engine ‘plant.' For tow engine 
weight, moreover, it: would be) necessary: to seg ‘high ‘speed impulse 
type turbines, and. this:again would; involve: the use of gearing } it is prob- 
able that a low weight. steam ‘turbine ein would: only: be obtained ‘at’ the 
expense of considerable reduction in thermal efficiency. Hence it appears 
that the use of the steam turbine for aerial work is bound to be a limited 
one. 

The first successful steam turbine was running about 1884, driving a 
dynamo and developing about 10 horsepower at a speed of 18,000 revolu- 
tions per minute. 
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A'great step: forward was: made about -1890; and" the first condensing 
steam: turbine: was! produced in 1892, developing 200 horsepower, at a’ speed 
of: 4,800 revolutions per minute, witha steam consumption: 6f 16 ‘pounds 
per indicated horsepower hour. This marked a great advance in steam 
turbine construction, ‘and: since' that *date’there ‘has: been! ‘continuous’ im- 
provement in efficiency, until at the present time it is considered by Sir 
Charles Parsons ‘that overall brake thermal ‘efficiencies’ a proaching 28 
per, cent are within reach of attainment in large plants of the order of 
25,000 brake horsepower. 




















TABLE. 2. 
TuHEerMaL Erricrency To Heat mt Fuet. 
Type of Engine. Date.’ Particulars of Engine. | piteaney 
( Indi- | 
cated..; Brake. 
1884 "| Compound Reciprocating | 10.8 ('\ 97 
1892 "| First’ Condensing ‘Steam |) -/ 9.2501!!!) 
Steam Engines Turbines ri 
| 1904 | Condensing Steam Turbines | 14.3. | 12.1 
| Mi Jat 1914 .| Condensing Steam Turbines;| 19.6 16.6 
Gas Engines. Efficiency. | ‘(|| -1884' |’ Crossley. 8is”x 147)" 9) Fig) 128 
Calculated’ from ‘Heat in’ >}} 1892 | Crossley.’ 8.5" 2187215 19459) 14.8 
Coal with’ assumed Effici- | 1904 | Netionals 14" ix 22" 000)'} 2B |) B54 
en¢ty of 85% for producer | {| 1908::| Crossley! | 11.57 x21” BLE L er 29,2, 
1890 | ‘Priéstman.'* 98.5" x! 12") ')" Fag 520.8" 
! ( SOO) Crosley! 01/7" x 16" 17:6 | 126.6) 
Heavy Oil Engines 1903: | Diesel. 15.75” x 23.6" «| $922) 54; 32.6 
| 1910 | Mirrlees-Diesel 12” x 18.25" | 43.4 | 31.6 
1920 | Ruston High Compression 41.3 | 35.1 _ 


The use of the’ uniflow steam. engine may possibly be considered ‘as an 
alternative’to:the steam turbine. _ Pa a te Bias 9 ia 

-The- above table,-number two, gives some avérage thermal efficiencies 
of internal’ combustion engines and steam turbines since 1884, and shows 
clearly the progress which has been made in this respect in both forms of 
producing..motive power. : 

In bay ap here ge of the steam rag and ne intefnal ome 
engine for general purposes, the-question of weight was-not.of’ primary 
importance ; thus the weights were generally Sader iereoiiner of pitas which 
we. havebecome accustomed to in aeriat work. If the aero-engine the 
fullest-advantage has been taken of the very extensive research which has 
been-cafried out with almost_all possible materials of construction! for the 
different-parts of the engine. =  - “HH 

The weight of the engines given. in-Table.2-varies from 150 pounds to 
500 pounds per B-H.P., according to-the nt: ee : 

Some indication of the weight of steam-turbine plants.as.compared with 
internal combustion engines “may be gathered ‘from the fact that the total 
weight of turbines and shafting in the Turbinia, built in 1896, “was-4.09 
pounds. per-LH,P. In this” plant the ‘turbines “ranjat-the-high- speed of 
2,300 revolutions per minute. 





In the stationary motive power plants noted, ‘the materials used’ were 
practically only cast iron, wrought iron;and steel, all of which wete of low 
tensile value. At the present date the tensile values of steels used for aero 
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engines are as high) as100 tons per’ square: inch; the advantage of this is . 

obvious. Aluminium alloys have also made enormous: progress’ in’ recent 

years,,having, replaced iron and steel'for many parts used in. aero engine 

construction... );; i j ! 
The, specific, gravities of various materials are given in Table 3. 


TaBLe,3.--Speciric GRAVITIES. OF ‘Various METALS. 


EA ca ko oc sc ERNE ER RPE he CREE PET PENS EO GaT ain 11.0 
RAMI te cad tet cia yi cder cae ee Pcie Ae Ore ego eeu eis ened 8.9 
| RaSh gas cel Mpa kaenaneee Bindery Pate paper tana Rane te andy ar au eno 8.7 
te oot Shh Soa se ae eg De ea esa ok sae ee 8.7 
CS gs yy so heey ake ae bodes Cade a Ie ce Oe ae ee 7.8 
WE OIE ee cu ccica va oe Col oe TEED KOs Oo oe eV 7.7 
Cast Iron”, >. LEE TESA, GH site Bn BIE RE HIS IES AES Rl RR ONO SES aaa 
pati aR als sass Siete ecto ple ieee at eo oahaees asec ieay ate Pe aes 7.4 
Tithe erecore ion oper Fo IIIS LOT ooo gad 10: bard, 7.0 
PAE oss BUGS nn cco ts POE UEC WP LEASE ET ERG Son R Cag em epee SENSE 7.0 
pic SBF ee Ea MPS ERIn ue ne apaasen ly Vcnnn Ns oe Uc Bengnr 8 PRY ae han Sa 6.8 
EAA RN REVAL AY POF? G EA LEADS SERS 6.6 
Aluminium: (Commercial) ..0....¢...65 60 ceptcetccecceeeeees ERA De: 2.6 
WEMeOR ek os, is eee nade eee dese. oe fea éoaigna> te 1.75 


In ‘this table only specific gravities of elements are given; in practice 
various alloys are employed:and. the specific gravity of,any particular alloy 
will be readily obtained when the: different. percentages are known. 

In ‘the early attempts at’ producing’a motor of ‘sufficiently high power- 
weight ratio'to lift a heavier-than-air machine from ‘the ground, thermal 
efficiency was naturally regarded. as of secondary importance, and it is of 
interest to note a few of:the steam-engines which were produced by the 
early ‘invertors. 
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Langley produced:'a high pressure steam engine for a model«aeroplane 
stated to give 14 horsepower with an engine weight of only 1.625 pounds, 
and a boiler weight of 5 pounds, so that the total weight*of the power unit 
would be 6625: pounds: or '4.4° pounds’:per’ horsepower; ‘but, as would’ be 
expected, no. practical: advance in power-propelled ‘machines resulted from 
these experiments. 

Maxim, in 1895, produced a‘steam plant employing: a high pressure com- 
pound engine, Fig. 1, which hada high pressure cylinder 5 inches in diam- 
eter and a low pressure cylinder 8 inches in diameter, with a stroke of 12 
inches. A tubular boiler was employed generating steam at'a pressure of 
320 pounds per square inch, the boiler being heated from ‘a ‘petrol furnace. 
The: total weight of: the boiler; furnace and ‘engine was 2000 pounds; the 
capacity of ithe plant ~was 350: horsepower,’ so that ‘the weight amounted 

to 5.% pounds: per ‘horsepower. 

Nose of these early ‘steam plants’ designed witha view to minimizing 
weight per horsepower attained any practical success and the attempts are 
only of historical interest. 

Before discussing the thermodynamic cycles which are used in successful 

aero engines at the present day and those which give promise of successful 
development -for special engines, it will be of interest to note the different 
ones which were used in the early development of the internal combustion 
engine, 

In Type~1, used by Lenoir, the combustible charge was ignited at atmos- 
pheric pressure with the piston in the center and expanded adiabatically 
to atmospheric pressure or a pressure slightly above. 

In a variation of this type the heat is added at ‘constant volume and 
adiabatic expansion is continued to the lowest temperature, the heat being 
rejected at constant temperature so that during the"instroke of the piston 
the line traced on the diagram is isothermal. 





Fic. 2 
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In the:above type: there iis:no compression of the charge: before ignition ; 
the.efficiency is: very low, but:engines working, on these cycles: did attain 
considerable commercial success. : 

In'.all the later -engines:the charge is compressed before ignition from 
atmospheric: pressure: to ‘some: higher: pressure and ignition takes place at 
the higher pressure. 

In Type 2 the.charge:is compressed adiabatically from atmospheric :pres- 
sure} to the maximum pressure, It is thenignited and heat added: at con- 
stant pressure. : Adiabatic expansion then:|takes place until, atmospheric 
pressure, is reached: and, the ‘heat is rejected during the! instroke ofthe 
piston, at atmospheric pressure, 

Ina modification of. this type: the: expansion: is stopped hefote atmos- 
pheric: pressute»is reached, the heat-being rejected.at constant volume. A 
diagram of this is shown at Figure 2. This: type;is the ideal’ cycle of the 
Brayton; Diesel.and other, constant pressure engines, 





rf 3. 







According to the third type the binden is 


" d during the instroke 
of the piston, heat! is added to the compress 
the 


farge at constant volume, 
and the charge is_expanded adiabati ‘the»same volume as before 
compression. The heat is -rejected at: stant maximum volume. This 
is the type of the_Otto-and: “four- oke icyele engines. The corre- 
sponding diagram is:shown-at re 3" 

It is of interest ta note: that i | the deto éigitie the ideal diagram at alti- 
tude is modified owing to the low at ospheric pressure and lower tempera- 
ture. The effect .of the lowering” of-the pressure at altitude and the lower- 
ing of the temperature are shown Separately and combined at Figure 4. 
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» In: diagram I, the inlet. yprosetns and seoaperaiure are those existing: at 
ground level; in diagram II, ground. level pressure is taken with ‘the aver- 
age temperature at: 20,000. jm in diagram III.the pressure. is the average 
pressure; at’ 20,000, feet. with ground deyel temperature, and.in.diagram’ 1V 
the average pressure and.temperature, at 20,000. feet are, taken,» 
According to a modification of Type 3, the expansion may be earried 
further than the original volume, to atmospheric pressure or some higher 
pressure. This cycle, expanding to a volume greater. than the original 
volume and rejecting heat..partly..at..aconstant.volume from a pressure 
greater than atmospheric pressure and partly at constant:atmospheric pres- 
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sure, is shown at Figure ’5. The cycle hasbeen employed, as will be shown 
later, and may ‘be of use in the future development 6f aero engines. * 

It may be remarked that there’ are three symmetrical thermodynamic 
cycles according to’ which a heat engine, in which the working fitid ‘is’ com- 
pressed before heat addition takes place, can operate. In all of these, the 
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ideal thermal efficiency. will be the same if the ratio-of compression is the 
same, that is, the ratio of the volume of the working fluid before com- 
pression to-its volume after compression and before-the addition of heat. 


In these cycles the efficiency is 1— (3) ee where (3) is the compres- 


sion ratio and y is the ratio of the specific heats of the working fluid. 

The three symmetrical cycles are :— 

‘I. The’Carnot cycle, in which the four stages are :— 

(1) Compression of the working fluid without the addition of -heat*from 
the initial volume, which may. be taken at atmospheric. pressure to the 
minimum volume. By this compression the temperature will have_ risen 
from the initial temperature T. to the maximum temperature T-, this rise 
of: temperature being caused by. compression alone with a corresponding 
quantity of work done’on the. working fluid by the piston. — [2 

(2) Expansion at constant temperature with addition of heat: This is 
the stage in which the total energy of the working fluid is’increased by 
the addition of heat fromthe source. 

(3) Adiabatic expansion from the point at ‘which the whole. of the 
additional heat has been added to a volume matiy times greater than the 
poms volume. During this ‘stage the working fluid neither gains nor loses 

at. 

(4) Compression from the maximum volume. to the initial volume at 
constant temperature. During this period the fteat-is-rejected from the 
working fluid and absorbed by the sink. The constant efficiency is deter- 
mined by the ratio of the volume before adiabatic compression on the first 
stage to the volume at the end of this adiabatic compression, and this 
volume ratio is equal to the ratio of the volumes of adiabatic expansion. 














NOTES. . 947 


II. The constant volume cycle» This is the well-known cycle of the 
ordinary Otto four-cycle engine. The working fluid is first compressed 
without addition of heat, then heat is added at constant volume, the 
working fluid is expanded from the minimum volume to the initial volume 
without gain or loss of heat, and heat is rejected at constant volume. 

III. The constant pressure cycle. This cycle is the perfect-cycle on 
which it was at one time commonly stated that the Diesel and like engines 
worked. It will be seen from the diagram, however, that for practical 
purposes the high-efficiency of this cycle is unattainable owing to the very 
considerable cylinder volume required for a given maximum pressure and 
heat addition. The four stages are:— 

(1) Compression without heat addition from the initial pressure’ and 
initial volume to the minimum volume and maximum pressure. 

(2) Addition of heat at maximum pressure with increase of volume. 

(3) Expansion without gain or loss of heat to the original pressure to 
a volume many times greater than the initial volume. 

(4) Compression at constant minimum pressure to the initial volume. 

Of these three cycles the constant temperature, or Carnot cycle, is im- 
practicable owing to the enormous range of expansion and temperature and 
excessively small mean presstire, and the complete constant pressuré cycle 
is impracticable owing to the very large expansion required. The complete 
constant volume cycle, on the jo hand, gives quite a reasonable expan- 
sion and ratio of maximum to mean pressure. 

In each of these three symmetrical cycles, the ratio of volume before 
adiabatic compression to volume at the end.of adiabatic compression is 
equal: to the ratio of the volume at the end of adiabatic expansion to tlie 
volume at the beginning of-adiabatic-expansion, and j in this ‘sense the cycles 
are symmetrical. 

As is well-known in any heat_engine,..if:T is. the temperature of the 
source and T’ the temperature of the “~~ the thermal efficiency E is 


Pc, a ' 


Taking compression cycles, if T. is the initial temperature before 
adiabatic compression, T. the temperature of compression, T the maxi- 
mum temperature and T’ the temperature at the end of adiabatic expansion. 

In the Carnot cycle T’ = T. = T is equal 4 Te. 


In the constant pressure sonia — is equal to — since the two points on 


the diagram giving T’, T; and To, Te lie in'each case on a horizontal pres- 
sure line, 


, T’ To 
In the constant volume cycle — is also = to’-— because T and T. and 


T’ and T. lie respectively on two vertical lines along which the volume 
is equal, Since the temperature of compression for a given initial tem- 
perature is dependent only on the compression ratio, it follows that the 
efficiency of the three cycles is the same for the same ‘compression ratio. 
Of the above-cycles only the constant volume cycle, Type 3; expanding 
to initial volume, and the constant peseure eycle, ena inet 2, expanding also to 
initial- volume, have been extensively d Ahird cycle illus- 


trated by Type 2, expanding beyond initial fone was omy in the Atkinson 
cycle-engine’ in. 1886, -An-ingenious link- motion -was employed to obtain a 
variable stroke of the piston... The link. motion -is is illustrated at Figure 6. 
An engine of this type was tested at-the Trials organized by the Royal 
Society of Arts in 1888, and developed a brake horsepower of about 9.5 
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B.H.P. at a consumption of 22.6 cubic feet of gas per B.H.P. hour at 131 
revolutions per minute, with a mean pressure of about 46 pounds per 
square. inch... The. mechanical efficiency was 85.per cent and brake thermal 
efficiency about 20 per cent. A diagram taken on the Atkinson engine is 
shown at Figure 7, This cycle is.also used in the Humphrey pump. 

It should be noted that in all engines working on the constant volume 
cycle the combustion is not instantaneous, and in many ¢ases combustion 
continues. considerably after the point of maximumtupressure sis reached. 

- The effect of this is to produce a diagram in whi pert of the heat may 
be said to. be added at constant volume and constant pressure. 
Attempts have been made by Sir hi Clerk oe others t6'produce this 
condition by regulating the fuel supply, and:it has-been suggested that the 
cycle should be termed. the dual wa Da cycle. “The control of. com- 
bustion would, however, be so uncertain that.in considering ideal cyclés no 
very definite air standard cycle could; in the-author’s view, bé'evolved. 

The Blackstone oil engine would appear..to- work. on_this cycle. 

It may be noted that by-keeping the inlet valve of an “ordinary” four- 
stroke cycle engine open during. a portion of the compression stroke a 
diagram is produced: which is similar to that obtained in the Atkinson 
cycle. This is of interest in view-of certain recent proposals . ; 
the power at ground level of af-aero engine. specially: designed for the low 
atmospheric pressures-at high altitudes. 

The internal combustion engine had to go through a ‘foug” practi¢al ‘de- 
velopment before it reached the stage at which it could be employed for 
flight purposes. 

The first important stage in the development was the use by Otto of the 
Beau de Rochas:cycle in the production of the first compression engines in 
1880, and this type has been adopted in practically all aero engines of the 
present day. 

The Ofto engine: utilized town gas as fuel. The mean pressure was low, 
only about 70 pounds. to'the ‘Square inch, with an indicated thermal efficiency 
of .16 per cent and brake. efficiency about 13.9 per cent. The cylinder was 
171.9 mm. diameter -by rae. yasmee and the engine-ran at a speed of 
157 revolutions per. minut 


he success-of the-early ‘Otto Resensines nes. quickly led to: the production 
of hese engifies .working on me.cyc , but these, ow to. their 
consi 


le weight, have not= yet. "ratte the s ate which n be 
oniplen for aero on - mer _ 


alia, engines $ workit on the res ai-were 
dchinnel ond eae th built by” rt Dugald Clerk ing 0 "of this _typé eae 


constructed of large powers, chiéfly..on the the Cop nent. The parsers 
cycle, however, was very. much more Prenat i 
For light-weight. aero motors the two-stroke 
sideration as offering advantages, particularly 1n.. 
eo ae dv: de by Gottlieb Daiml fuel 
very great ac ance was made y Gottlie i er whine peti 
in engines of comparatively small size, and the work of Daimler Jed fim 
to the first-application of the Otto type of internal combustion « 
motor vehicles. A..section of the Daimler engine as 
Daimlerto.a motor-carriage in 1896 is given at Figure 8. 1 
Daimler may be regarded as the ‘prototype of the m rm 
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$0 
motor boat and aero engines. Engines following this type were the first 
which were successfully used for flight. 
At about the same time as the rapid development in the four-stroke cycle 
constant volume engine took place, engines were also developed working on 
the constant pressure cycle. The earliest example of these engines is the 
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Brayton’ petroleum . ‘engine: in’ which: the charge of fuel cor! air::wasocom- 
pressed “in? one’ cylinder’ and: ignited’ as‘\it ‘passed into ‘a second or’ motor 
eylinder,":: The constant pressure'type has been extensively ‘developed, and 
was very early proposed for motor vehicles in the U.S. Ai« The type iis 
represented in. modern practice wholly or in part by’ the Akroyd Stuart, 
Diesel ‘and: 'Semi-Diesel. engines. 

The: weightsof' internal combustion engines depend on the compression 
pressure used, and for the same cycle the weight will have» to: be’ greater: 
proportionately ‘with the compression ‘pressure, ‘and cycles’ ‘involving very 

igh compression - ‘ratios ‘or very long g expansions and giving! increased 
economy; also increase the weight of the engine; efforts to: utilize a longer 
expansion: 7 compounding the engine have not been: successéul owing to 
heavy ‘heat loss \in' transfer to the low pressure cylinder:: For aero engine 
use, particularly’ for: heavier-than-air machines, weight. of engine is of 
fundamental importance,-and it-appears that for this purpose the constant 
volume ‘type of engine is:to:be preferred.» For engines: where weight is:of _ 
less importance and high’ economy involving less weight of fuel to be car- 
ried: is the governing factor, engines ‘of the constant: pressure: type with 
self-igniting cycles may prove to: be: more suitable. Such engines’ may 
quite well turn out to: be extremely: —_ for airship: work. 

The first really: successful ‘engine ‘used for flight was that'of the: Wright 
Brothers, ‘used’ in‘ their early flights about 1903:° This engine was of :the 
constant ‘volume type. with fourvertical eylindérs:'4%4 inches diameter ‘by:4 
inches stroke, and developed 24 B.HiP. ata speed of 1,200 revolutions per 
minute’ with a petrol consumption of: 825:pound -per. B.HP. hour,: giving 
a brake thermal efficiency of about 15.5 per cent. The weight ofthe 
éngine was 210 pounds.» The separate cast isteel’ cylinders had: inlet ‘valves 
of the automatic ‘type; “andexhaust -valves operated: by :push rods.) <Thin 
aluminium water jackets were provided on ‘the: cylinder: barrels: The 
weight ‘per’ B/H.P: was. over’ 7 pounds: 

In Francé, successful flights were ‘made; using: the Antoinette -eagine 
This ‘was’a® Vee’ type ‘with eight cylinders, 4:35. inches ‘bore! by; 4.15 — 
stroke, giving 49 B.H.P, at‘1,100' revolutions per ‘minute, and weighing 265 
pounds; that’ is; ‘about 5.4 pounds per horsepower. 

In both the Wright and the ‘Antoinette engines: the brake mean, pressure 
was about 65 pounds per square inch. The results obtained with these two 
motots” may’ be said to have clearly demonstrated the suitability: of. the 
four-stroke cycle ‘petrol engine to provide motive power for heavier-than- 
air machines. 

A further éngine development’ in’ France before 1909, and of historical 
interest, is’ the’ three-cylinder” radial -air-cooled ‘Anzani\. engine -used:-by 
Blériot in the’ first Channel ‘flight.’ This engine developed 25,B.H.P. at'a 
speed of 1,400 revolutions per minute. The cylinders’ were of: cast:/iron 
fitted with ‘Valves inva side pocket, the inlet valves being automatic and the 
exhatist valves operated’ by push tods.°’ The: cylinders were of 3.94 inches 
bore by, 5.92 inches ‘stroke, piston speed °1;380 feet per mintite, brake mean 
effective pressure 65.5 pounds per square inch, and petrol consumption 0.6 
pound’ per B.H-P, howr, giving’a thermal efficiency | of 21.2. per. cent., The 
bay cag be the ‘engirie ‘was 140’ pounds or 5:6 pounds per’ B.H.PL) cic 

ing engine for aviation was proposed) by ‘Messts, Buriat in 
1904," duibet ait not ‘attain any practical success; In this: engine the! cylinders 
and "crankshaft rotate in the same direction, the crankshaft. 

twice that of thé cylinders. °\A’two-throw crankshaft) was employed: 
nected to the centers of two rigid sangpcting rods, each of which, had a 
piston at’each end, ‘the pistons w working” in opposed cylinders. .The crank- 
shaft axis was situated at ‘onechalf the radius from the center of, the tran- 
nions on which the cylinders see She and the length of crank throw was 
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also» one-half; this ‘radius. . In: the» éngine; .as: designed, the! propeller was 
fitted: to. the: crankshaft, ‘but :the: mechanical arrangement) suggests | that. 
reduction of propeller speed: relative to engine ‘speed: can be obtained, with 
out» the usé of /gearing. 

The most: successful engine produced dor flight in: the early! outed of 
development was the Gnome engine designed by. M.' Seguin; ‘Phis: was. the 
forerunner: of ‘the: well-known radial: air-cooled \rotary. type» which, is: i 
very extensively used: 

this type the ‘cylinders are arranged: radially and rotate about the axis 
ofa» single throw) crankshaft; whichis! fixed, and through. which::the duel 
and:iubricating oil are fed.;,thus:the pistons: rotate about a fixed crank pin, 

An::odd ‘number -of cylinders. ate) required: inorder. to obtain: working 
strokes at equal angular intervals: during»each revolution: of: the cylinders; 
In the:earliest) type,'-five cylinders were employed! 0f.3.94+inch; bore and 
3.94-inch stroke; later, the well-known seven-cylinder 80. horsepower typ, 
: Figure 9, -was produced. These engines: were! much lighter than, anyother 

engine produced ati this early date, and were very widely -used,:: 

The chankshaft is:in two. parts, fitted: together at the crank. pin, the long 
end: being: fixed: in the engine bearer plates.on:the aeroplane. . The crank 
case and cylinders:rotate about the: crankshaft on ball: bearings, while the 
connecting’ rods: dre: connected: to |a-banjo-shaped: big end! | formed; on’ the 
master rod, >The) cylitiders\are; machined from: solid: nickel, chrome: steel 
ingots, the thickness of the barrels being: only :.5:mm...The exhaust, valves 
are situated) in the. ‘cylinder -heads ‘arid ‘are: actuated), by push. .rods,and 
rockers,’ while’ the inlet valves are automatic:and are situated in the, heads 
of ' the pistons. I 

Fuel and dir are led to the engine through the hollow. crankshaft, from, a 
jet carburetor and the mixture -passes ‘from ies crank-case to the cylinder 
through ‘the valves: in’the: pistons. 

Although the fuel and oil consumption was heawy, as,comipared with con; 
temporary ‘stationary ‘engine: practice, the -very) light. .weight,. per shorse- 
power, ‘coupled with: accessibility sand’ ease of .dismounting, made, the type 
easily the most 'successful aero motor at: the date of its first production. ; 

The following table Nov:4 gives’ some: |particulars..as .regards the a6 
engines) which were’ in existence about 1910. 

Since'1909 aeto ‘engine-development hasi been rapid, and.a Pints of ‘dif, 
férent mechanical types have been produced. The symbolic representation 
of:‘the*main types: which have been employed is shown, jin, the diagram, 
Figure 10. 

f ‘Type I, the stationary) vertical’ engine with! cylinders, in line, 6. may be 

mernitioned Beardmore, Green, Benz, 'Mercédés, and, Maybach; which ..were 

"all ‘successfully used and had shown reliability, before the commencement 
of the: War 

The Siitene spine was «constructed :for powers of. 90 and 420, horse- 
power before the War, atid. was! very. Jargely. used, The engines had six 
cylinders set slightly’on the forwatd side..of the crankshaft axis, _Water- 
cooling was employed; copper water: jackets being. deposited electrolytically. 

The crank-casewas'in two parts, the lower half being removable, without 
disturbing the crankshaft. ‘The valves iwere of. the overhead type operated 
by ‘push rodsand overhead rockers with’ special laminated, springs. . The 
dry faveightt of the'90- horsepower engine, was: 5.8 pounds per, B.H, P, ‘and of 
the? 120 ‘horsepowet engine '5.3 pounds per; B.H.P.., 

The Green engine’ was also 1a water-cooled engine with six. ‘vertical 

lindets: 
vrhe Benz 100-hotsepower engine: obtained the first prize in the, German 
official Aeroplane Trials: in 1913, with the remartably low Ang consump- 
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tion of 0,47 ‘pound per B.H.P. hour-and the low weight of 4.22 pounds per 
horsepower complete with cooling system less fuel, ‘oil and tanks. The 
tests at these trials were of a very searching ei at and the Bernese 
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ance must be regarded as a very excellent one at that date. 
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The Mercedes early engine! developing 88.9: B.H.P., with a fuel consump- 
tion of 51 pound per B.H.P. hour-and a weight of 4.4 
was a six-cylinder engine, and was awarded the wane ptize in“‘these trials. 
This engine embodied. many of .the characteristic. features of the well- 
known Mercédés construction, which will. be dealt with? more fully i in de- 


scribing the later engINeS. ¢ 
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The third prize at the German trials was obtained by the N. A. G. These 
were four-cylinder engines. 

Another imteresting: German engine is the Inverted Daimler. This ob- 
tained ‘the fourth prize in the competition. It developed 65 brake horse- 
power ‘and the inverted construction gaye the advantages of a better view 
for the pilot, lowered the center of gravity of the engine, and improved the 
facilities for cooling. It is interesting that no difficulty was found with 
over-lubrication of the cylinders in spite of. their inverted position. 

The ‘Maybach engine, as is well-known, was used in the early German 
Zeppetins, anda similar type was manufactured in this country by the 
Wolseley Company. An interesting engine of this type was the Argyll 
120-horsepower. engine, having rotating and reciprocating sleeve valves. 
This appears to be the only instance in which sleeve valyes have been em- 
ployed/ on_aero engines. ‘This engine’ competed: in the War Office trials 
in 1914 

Of Type 2, the Vee Type, engines* were constructed by the Wolseley 
Company, Sunbeam, Renault, de Dion, and others. The Wolseley engine 
was an eight-cylinder water-cooled engine, bore 3.75 inches atid stroke 5 
inches and developed 54 B:H.P. at a speed of 1,350 revolutions per minute. 

Type 3, the three-row engine, is a development of the fan-shaped Anzani 
type, but was not extensively developed until a later period: 

The same is the case with regard:to Type 4, the cross engine having 
rows of 3, 4, 6 or more opposed pairs of cylinders placed at right angles. 

With regard to Type 5, Radials, in development of the old Y type Anzani, 
two interesting engines at the War Officetrials were the British Anzani, a 
radial engine having ten cylinders arranged in two groups of five and air- 
cooled and the water-cooled nine-cylinder Salmson engine. 

The air-cooled radial is of great interest’ in view of recent developments. 

Type 6, the rotary, was;-perhaps, the most successful of the. earlier aero 
engines. The earlier’Gnome engines:and the Monosoupape Gnome nine- 
cylinder have always been pre-eminent and the Mono up to the present date 
has been very largely used, latterly chiefly for training purposes. The 
engine is of bore 110 mm.and ‘stroke-150 mm., and was by far. the/lightest 
engine at the British trials, the weight being about 2.7 pounds per B.H.P. 
The consumption, however, of 0.7 pound per B.H.P. hour is high. The 
consumption of oil in-this:engine is also high. 

The early Le Rhotie engines were also produced about this time. The 
distinctive features of this type afte the cylinder construction with a cast 
iron liner,<connecting-rod-assembly, and-the valve operation. These engines 
have been very: successful.and have shown considerable reliability. 

An interesting type of engine manufactured in°1914 is the swash-plate 
type, be example being built for. the Statax Engine Company. 

In this type five cylinders are arranged-parallel with the axis of rotation 
around a fixed hollow shaft and are held between two casings which rotate 
with them. ©The connecting rods are connected to the pistons by universal 
joints and their big ends are coupled to a ring mounted on ball and thrust 
bearings onan inclined swash-plate fixed to the shaft. The ring is con- 
strained to ‘rotate with the cylinders and casing by guides on the casing 
surrounding the=swash-plate and thus any point on it rotates about the 
shaft axis and_also oscillates ina rotating plane passing through the shaft 
axis.. |The cylinders are cooled by aluminium plates through which they 
are threaded. “The inlet valves are operated directly by cams rotating ¢on- 
centri¢ally with the shaft and the exhaust valvés indirectly through push 
rods and: tappets, . This engine ‘was claimed to develop 44 B.H.P. with a 
petrol consumption of 0.53 pound per horsepower ‘and to weigh 176 
pounds or 4 pounds per horsepower. R : 

big leading particulars of aero engines in 1914 are ‘given in Tables 5 
and 6, aoe coe ; 
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758 NOTES. 


Lecture II—Delivered January 24th, 1921. 


When war was declared, among the engines of which immediate use was 
made, were the following:— 


British—R:A:F., Beardmore, Gnome, Le Rhone, Renault, Curtiss, Green. 

French—Gnome, Le Rhone, Renault, Anzani, Canton Unné. 

German—Mercédés, Benz, and Argus, German Gnome, Oberursel; and 
for airship purposes the Maybach, 

The average B.H.P; of the engines available at that date was about 100; 
the average B.M.E:P. was 71 pounds square inch, with a piston speed of 
1,280 feet minute, and a weight per-horsepower of 7.7 pounds. 

Of these engines, the Beardmore, Green, Mercédés, Benz, Argus and 
Maybach were of type I, that is, vertical cylinders in line; the R.A.F. and | 
Renault were air-cooled, and the Curtiss water-cooled Vee type stationary 
engines; the Gnome and Le Rhone were rotary engines; the Anzani an 
air-cooled radial, and the Canton Unné, a water-cooled radial.. It is seen 
that while the British had very: few engines: available, they immediately 
adopted certain existing French types, some of which were subsequently 
built in large quantities in Great Britain. 

Of the French engines available during the early period of the war, the 
rotary type was perhaps the most. used throughout, though the develop- 
ment, except in power, was not striking.” The Vee type was largely used, 
and was very successfully developed as a water-cooled engine by various 
manufacturers, notably the Hispano type, designed by M. Birkigt. The 
essential characteristics of this engine are the high rotational speed and 
the simple valve gear; this type was produced in very large quantities in 
England, France, America, Spain and. Italy. The Renault 12-cylinder 
water-cooled was another engine of the same type. 

The Germans adopted for: the very large. bulk of their work, a single 
type on which there was available a large amount of data:and experience 
built up in connection with racing engines for motor cars, boats and other 
purposes. They consistently kept to this type throughout the whole period 
of the war, except in the case of a few rotary engines, which are copies 
of designs got out originally by the French. At a late stage they were also 
attempting to bring the high speed 8 and 12 cylinder Vee type into pro- 
duction. For example, the Benz Company were building these engines fol- 
lowing the Hispano design with gearing of the Rolls Royce type. 

The characteristic of the German engines used in the war is the attempt 
to obtain high fuel economy and reliability with less consideration of the 
feature of light weight per horsepower than had been given by the Allies. . 

Many different types as to which little experience was available, were 
tried by the Allies throughout the war, and in order to get lighter weight, 
higher stressing was allowed than in German practice, with perhaps some 
sacrifice of reliability at the outset. Many types were but partially de- 
veloped and -were subjected to somewhat severe criticism before the de- 
velopment had been cartied far enough for definite results to be obtained 
to allow the type to become standardized, 

It may be stated that in Germany only the stationary vertical type of 
engine was seriously developed, and in. France, only the Vee water-cooled 
type, both being. developments ‘of standard motor car engine practice. 

In Great Britain development ‘took place in several types, mainly the 
straight six as the B.H.P: Puma; thé Rolls Royce Vee, and the air-cooled 
rotary. Large quantities.of each of these types were produced. 

The general coutse adopted: with all types during the war was to in- 
crease the power by using: higher compression and higher speed, overcom- 
ing the mechanical difficulties arising from these changes as and when they 
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arose. Thus the Rolls Royce Eagle, which was originally rated at 255 
horsepower, was-ultimately boosted up to 375 horsepower. Similar pro- 
cedure was adopted in Germany, but on more :conservative lines. 

This boosting up of the various types of engines was accompanied by 
considerable improvement in the materials-employed in construction; for 
example the strength of steel used was increased from 40 tons to values 
of the order of 100 tons and very great advance was made in the quality of 
aluminium alloys enabling this material to displace iron and steel with 
consequent advantages as regards heat dissipation and saving in weight. 

most important original developments of the purely aero engine 
since 1914 have taken place-im this country-because we experimented with 
nearly all-types. Progress was. made particularly in the y ge ne of 
various air-cooled types. The Germans~kept throughout to the water- 
cooled engines; the British used both. air and. water-cooling in different 
types from the beginning; first air -with the’ R.A.F. engine, then water; 
though the air-cooled engine ‘with its manifestly considerable advantages 
for military purposes, was,:after being closely investigated as a scientific 
problem, perhaps more favored as-a typeat the close of the) war. 

Anzani, one of the very earliest of the fixed radial-engines, was used 
at the beginning of the war, but. this. type was not developed to any great 
extent’ until 1918,'and even then the results obtained hardly game up to ex- 
pectations. = : 

Again, the rotary engine,. built in_very large quantities throughout the 
whole period ‘of the war, showed little real'advance as regards design, al- 
though the wer was ~considerably- increased; such} points, for 
example, -as effective cooling of. the following side of the cylinder being 
very incompletely explored} while the design of the cylinder head was 
always deficient in the provision of adequate heat-dissipating surface. The 
backward state of development of. these types may perhaps be explained 
by the fact that.the majority. of ‘aero. engine manufacturets<had gained 
their experience in car engine practice and would naturally select for de- 
velopment. the type of engine with which they were best acquainted, or a 
close variation’ of this type, rather than select a new and different type, 
such, for example, as the air-cooled radial. ’ 

It will be interesting to follow the development of these air-cooled: radial 
and rotary types when the- demand. for an aero motor: of a-weight per 
horsepower not attainable with other désigns is brought:to the serious at- 
tention of our best technical men. 

In order to study the progress in the different types through the war 
period, the engines may be grouped under ‘certain standard types. 

Six different types are diagrammatically .represented in Figure 10 
(“ Journal,” Vol. LXIX, p. 701). -It-is of interest to describe some of the 
best known engines of eachof these. types. { 

Taking first the vertical or I. type, Table 7 shows the particulars of the 
many German. engines, and Table 8 the few British engines of this type 
produced during the war. ; 

At the beginning this type was represetited. in Great Britain by the 120- 
horsepower Beardmore-and in Germany by the 100-horsepower Mercédés, 
the 120-horsepower Argus, and engines of 160 horsepower manufactured 
by the Mercédés and Benz Companies. : : 

The 120-horsepower Beardmore was early followed by a more powerful 
type developing 160 B.H.P., and the latter engine was used with great 
success and toa very large extent during the war. : ; 

The 160-horsepower engine has six separate gindes in line with elec- 
trolytically deposited copper water. jackets. e crankshaft is placed 





slightly in advance of the central plane of the cylinders, and the lower half 
of the crankcase is: removable: without: disturbing the crankshaft bearing 
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caps. The construction of the crankcase in this respect differs essentially 

from that very largely adopted in the German engines of this type, The 

cylinders are of. cast iron. with steel es screwed on to the base, and 

are separately bolted to the crankcase. The valves are of the overhead 

type operated by. push, rods and overhead. rockers, and are held to their 

seats by.pivoted leaf springs, each end of.a spring controlling an inlet 
ust. valve respectively. The inlet valve and cage can be removed 

by merely, unscrewing the inlet bend. 

In the earlier, German engines, the Mercédés, Argus and Benz, the crank. 

shaft journal bearing caps are cast in one with the lower half of the crank 

case. By this means considerable stiffness is given to the crankcase, and 

to the engine as a. whole, and the construction is characteristic of nearly all 

the German engines... It is a useful Seatenc ise eoaiiat:. For: seregtannn a 

which there is no rigid bed provided for the engine. 
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In the Mercédés type, overhead valves ate employed, actuated by an 
overhead camshaft situated over the tops of the cylinders and ‘operating 
the valves through rocker levers, a construction which; applied to the’ Vee 
type is also found in the Rolis Royce and Liberty Engines. 

“tin the Benz construction, the camshaft is housed in the upper half of 
the crankcase, and the valves are actuated by push rods and rocker levers. 

The Maybach engine which was largely used in airships from’ the 
beginning of the war employed the long push-rod type of valve gear. It 
was always particularly well-made and the size was increased from: ufider 
200 ‘horsepower to 300 horsepower; the latter ‘size was‘ also constructed as 
an aeroplane engine. ta tall 

In the Argus construction, the valve gear’ is of the Benz type. ’The'later 
engines, with, the exception“of the ‘Maybach; all follow either the Mercédés 
or the Benz general design: This variation of the valve ‘gear is the main 
difference in German types. 

Practically the whole of the German aero engine development during 
the war was in this type of engine, and the particulars of the various 
engines which came into useful production are given in Table 7. It will 
be seen that increasing power requirements during the war were met by 
the fairly obvious modifications of increasing the number of cylinders in 
line, increasing the cylinder diameter, and increasing»the compression ratio, 
and engines of increased power were from time to, time produced by the 
Mercédés and Benz Companies. we ef 

Another engine of ‘this type was the Bayern, which is /of ‘interest on 
account of its very high compression ratio, 642-to 1, and very low fuel 
consumption, the fuel used being a mixture of benzolf and petrol. 


. 




















TABLE 8. 
Vertica WATER-CooLED ENGINES, 

i "| Gallo: | 
Make’ of Engine. | Beard- | Beard- | way. |Siddeley | F.LA.T. 
| more. more. | B.H.P. | Puma | A.12bis 
Rated Home-Power .. —.|_ mr. ; 120; + —-160|, 230] 240| 300 
Number of Cylinders af Now?! 6 6 6 6. 6 
Bore of Cylinders . : -} Ans. 5.12 5.59 5.71 5.71 6.30 
Stroke of Pistons —.. ie .s| Ins] 6.89 6.89 7,48 7.48 7.09 
Total Swept Volume of Engine .}Cu.Ins,; 850.4 1015 1149 1149 1325 
Compression Ratio ‘ | R. 4.85 4.56 4.06 5.00 4.75 
Brake Horse Power | BLP 133 178 236 240 317 
Revolutions per Minute 4 RPM. 1200 1350 1400 1400 1600 
Piston Speed in Feot per Minute .| Ft./Mn. 1378 1435 1746 1746 1890 
Brake Mean Pressure, | BMLE.P.| 111.0 103.0 116.0 1184; 118.5 
Fuel per 3.#-r. Hour .| Lbs. 0.530.; 0.520) 0.520] 0.500} 0,524 
Oil per B.u.P. Hour 4g -+| Lbs. 0.030 0.032 9.030 | 0.062 0.031 

Brake Thermal. Efficiency. (18600; : 
B.T.us. per Ib.) . for} fel 25.8 26.3 26,3 27.4 36.1 

Weight of Engine complete -with : 

Cooling System 6... % ..° .}» Lbs. 624 713 843 781 1065 
Weight’per pur... .. _..|_ Lbs. 4.70. 400] 357] 3.25}! 3.36 











Nore.—A special high compression. Puma Engine has developed, 300 RAP: at 
1650 rip.m. with @ B.M.E.P, of 1130Iba, per square inch. - 


The development of the stationary vertical engine in Great Britain re- 
sulted in the production of engines of about the same power as the’ German 
engine, but of a lower weight per horsepower. The leading particulars of © 
the chief engines of this type produced are given’ in Tables.’ From’ this 
table it will be seen that the B.H.P: developed into the Pumia, ‘which was 
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iti production ‘i its latest state’ of development at the time of the Armis- 
tices"and ‘gave 240 B.H:P. at’ 1,400 revolutions ‘per minute with a B.M.E.P. 
of '118' pounds’ per ‘square inch, and a compression ratio of 5 to 1. The 
weight was’ only 3.25 pounds per B.H.P. as compared with the average 
weight ‘of the larger German engines, namely 4.05 pounds ‘per B-H.P. An 
engine of the Puma type with compression ratio raised to 5.4 developed on 
test’ 308° BAHL:P. ‘at 1,650 revolutions per minute, with’ a consumption of 
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; 0.497 pounds of petrol per B.HLP. hour. ‘The weight was 2.51 pounds per 
Ay ae B.H.P. This high compression engine did not, however, come into pro- 
ee In the Puma engine, Figure 13, the cylinders are arranged in blocks of 
a three, each block being provided with a°common water jacket. “The bore 
jas and stroke are 5.71 inches and 7.48 inches, respectively. The petrol con- 
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sumption at grognd level is. 0.5. pound per B,H.P. hour and, the oil .con- 
sumption 0.062 poun Apes B.H.P. hour. The cylinder head casting :1s,made 
of aluminum alloy. Two exhaust valves and one inlet valve are provided 
situated vertically in. the cylinder crown and the bronze valve. seats 
oe om shrunk into. the cylinder heads, as are also the steel linder 
liners.  eisine, is developed from the earlier Galloway. B.H. HP, the 
chief Bete Ce) difference being the aluminium heads instead of cast. ine 
which was used in the Galloway B.H.P. The compression ratio and revo- 
lutions per minute are also somewhat higher. The radical difference be- 
— this and the German engines was the use of the aluminium cylinder 
ea 
Of the engines of Italian origin; the latest during the war period was the 
800-horsepower Fiat, knowm'as A 42<bis, which hardly shows the same 
progress in design as the; dater" “British-and German engines of the same 


type. 

The salient points of design of the German engines were steel! cylinders 
and welded jackets and the adoption of either long push rods or overhead 
camshaft compared with \the. aluminium heads: and jackets and overhead 
camshaft of the/ British, In the bulk, the»great majority of all German 
engines were of ‘this type, while we used but two, though one, the Puma, 
was produced at the*rate of 600 per month at the end of the war. 





























TABLE 9. 
S-CyLInDER” Veu=- Tyre Watre-Cvoten Encrves, 

Make of Engine. «,.« |Wolaeley| Hispano Rogie Wolseley 
Viper 
Arrafigement of Cylinders a 90°v, |: 90°v. | 90%. | 90%. | 90°y. 
Rated Horse Power Tee 130 150 200 300 180 
Number of Cylinders +.) No hE Be ‘8 8! 8 8 
Rore of Cylinders ., , sf Tis. - 6.00 4.72 “a72 5.51 4.72 
Stroke of Pistons ., Ins. | 7.00 6A2 5.12 5.91 6.12" 
Total Swept Volume of Engine « Ca. Ins.| 1100 718 718 1127 718 
Compression Ratio | BR —-: 4.8 4.8 5.34 5.30 
Brake Horse Power «.| BMP -133 165 7208. 300, = 220 
Revolutions per Minute: . vat Ree.M. 1200} 1600| 2000; 1800; 2000 
Piston Speed in Feet per Minute | Ft./Mn.; 1400}. 1280| 1706| 1770; 1706 
Brake Mean Pressure iG . +) Beer. | 79:86 | 114.0} 116.0; 116.8; 121.8 
Fuel per 3.4.r. Hour » “sheL ibs, + 0:590"} 0:600 | 0.540) 0.676! 0.320 
Oil per p.w.r. Hour, . + Lbs | 0.100} €.040} 0.067| 0.040 0.056 

Brake Thermal Effiéiency, (18000 | 
B.T.US. per Ib.) .. % 23.2 27.4. 26.3 23.75, . 26.3 

Weight of Engine complete with p H 
Cooling System . Lbs. 700 551 638 195 657 
Weight per B.u.P. .. se ; a! iti en 3.30; 3.10; 2,60 3.10 


The steel type was probably on the’ whole the more reliable in littl 
production whilst the aluminium ‘was, in the main, * lighter. Thermody- 
namically the German engines appeared to be somewhat superior, due to 
the development of one type with larger cylinders. The German engines 
had also to undergo severe tests before acceptance. |. 

For engines of higher powers, it would appear that the Allies. preferred to 
go to other types, especially the water-cooled Vee; and it may. be said thar 
the most serious. development’ of engines for production both..in: mend catmn- 
try andvin France was in the latter type. |. 
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Particulars of this type are shown in Tables 9, 10, and:11, Although at 

e inning of the. war some. of. the engines. such as the Wolseley-Re- 
nault and R.A.F. engines. were air-cooled, the more recent exam have 
all been of the water-cooled ‘ype. The arrangement of the cylinders: of 
Vee engines is not well adapted tothe provision of adequate wind speed 
over all parts of the cylinder, and in recent practice air-cooling has been 
mostly. confined ‘to engines of the rotary.and static radial. types in which 
one set of cylinders, is not screened by another.from the wind, due to. pro- 
peller slip stream and the forward movement of the machine: this arr 
ment of the cylinders gives ample space for heat dissipating fins, ensuring 
more even cooling of all. . 
‘In the earlier years of the war the available knowledge of air-cooling 
was somewhat meagre. Investigations undertaken at Farnborough, with a 


TABLE 10. 


12-CyLinper Vee Trvs Water-Coored ENGINES.” 
Rolls-Royee.. Lib- ' Sun- 


























Make of Engine R.A.F| Re- —— | erty | beam 
“3a. | nault Eagle |Falcon, Eagle 12a, | Maori 
4 ' lt eeeeras! muieeg . . 
Arrangement. of Cylinders re 60%v. | 50°v. | 60°y. | 60°v. |60°v. | 45°v.. 160°, 
Rated Horse Power +e 5 ee HIP. |, 220, 220] 225] 220; $60} 400). 250 
Number of Cylinders Ah -. No. 12 12, 12 12)". 12 12% 12 
Bore of Cylinders ..°, .. +. Ins; 4.49} 4.92] 4.50 | 4.00) 460.) 5.60) 3.94 
Stroke of Pistons . +s epee) Ine] 5,51 | 5.91 6.50 |) 6.75 | 6.50.) 7.00! 5.31 
Total Swept. Volume. of Engine. .'Cu.In, | 1047 | 1348 | 1240 | 868 |.1240.1 1650; 776 
Compression Ratio yf « R. 4 4.75) 4.36 } 463°) 5.30 | 5.30} 5.30,..5,60 
Brake Horae-Power ra ..' B.HP,}, 220] 225! 254| 270/ 350] 405. 265 
Revolutions per Minute .. +» B.P.M.! 1700 | 1200! 1800.| 2200'| 1800 | 1650; 2100. 
Piston Speed in Feet per Minute ;Ft.Mn,' 1563 | 108) 1960 | 2108 | 1950 | 1925 , 1860 
Brake.Mean Pressure .. ..'n.werj 98! 100' 90] 114! 124) 118 |, 125 
Fuel per #.4.p. Hour... »- Lbs. ' 0.66} 0.53 0.57) 0.53 | 0.50] 0:49 . 0.5) 
Oil per.p.tt-r. Hour... ...' Lbs. } 0.022 |.0.061-|.0.026. | 0.026-}.0.028 |0.088.+0.026~ 
Brake Thermal Efficiency.’ (13600 | 4 ] ; 
8.T.US. per Ib.) .. +“ -» % $24.43 | 25.81 | 24.09 | 25.81 | 27.36 | 27.93 | 26.83 
Weight of Engine complete with t 
Cooling System: . a Taba. 998 f° 961), 1065-} O12:).1177)| T1088, 1065 ©. 
Weight per Bir...) ss «al Lbs, } 3.60! 4,20. 4.20] 3.98) 3.37-| 2.69 ' 3.95. 





‘ 


view to avoiding overheating, which had been found to-occur in the R.A.F. 
1a and ‘4a ines, led to very important results. hig Be 

At the beginning of the: war the Wolseley Company were building a 
water-cooled motor of this type in this country on similar lines ‘to’ the 
Renault in France. This developeda normal B.H.P. of 133 at 1,200 revo- 
lutions per ‘minute with a B.M.E.P. of 79.9 pounds per square’ inch and 
piston speed of 1,400 feet per minute; ‘the weight per B.H.P. was 5.3 
pounds, This Company also built an air-cooled engine of the Renault type, 
the largest'of which at this date gave 80 B.H.P. The engine most in the 
public ‘eye in the early days of the war was the 8-cylinder’R.A.F. 1a; an 
air-cooled design first built at Farnborough, though afterwards built” by 
many '‘conttactors. This engine had cast iron ¢ylinders with walves in side 
pockets ; the cylinders were staggered so that independent connecting rods 
could be employed, a construction which was not followed in later engines. 
The pistons were of cast iron with cast iron rings and the crankcase of 
aluminium. The propeller shaft was driven at half-engine speed. by spur 
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gearing, which also drove the camshaft which was co-axial with it. “Only 
a single thrust ‘bearing was employed so that the engine could only be used 
asa tractor. The inlet valves were directly operated while the exhatist 
valves were actuated by rocker levers and push rods from’a camshaft 
with cams cut solid with the shaft housed in the crankcase between the 
rows of cylinders. Lubrication was by gravity and ‘splash. This engine 
had roller bearings to its crankshaft and this was’ probably its most: novel 
feature. It was at the last’a very reliable engine, but always too low in 
power ‘for ‘the work on ‘which it was employed: 




















TABLE 11. 
Arm-Cooren, Vee Tyre. Excines. 

Make of Engine. Wolseley! R.A.F. R.A.F. | R.A.F. 

Renault la. 4A. 4p. 
Arrangement of Cylinders .. és dink, hi BOP. | 908) 60%. 1. BOP, 
Rated Horse-Power ,. i i +e) WLP. 80 100 160 180 
Number of Cylinders vs ie .} No. 8 8 | 12 12 
Bore of Cylinders =... ot oa lo Ins. 4.13 3.94 3.94 3.94 
Stroke of Pistons ry aetna YF ig: -. Ins, 5.12 5.51 | 5.51 5.51 
Tctal Swept’ Volume of Engine .. -.|Cu.Ins.| 649.5 | 536.8 805-2)" 805.2 
Compression Ratio R my As ied 4.16 4.20 | 4.2 47 
Brake Horse Power ., pe, m -+| BBP. 102 90 160 196 
Revolutions per Minute .. 7 ..| RPM. 1800 1600 1800 1800 
Piston Speed in Feet per Minute ..” ~ ,.|Fe./Mn.) 1638} 1470 |” J654 1’ “Y654 
Brake Mean Pressure . es ,-| Baer) 8207" 83)" 87.7’) 1070 
Fuel’per 3.4.P. Hour Se Ls +.l Lbs. 0.660.) 0.700 0,675 0.532 
Oil'per wp, Mour..  ..  .. ~—.| ‘Lbs.’ "} 0.065 | 0.056 | 0.067) 0.054 

Brake Thermal Efficiency (18600 8.7.v. ; 
per Ib.) ee os o* re es % 21.05 19.55 20.27 26,72, 
Weight of Engine complete tats tae ae 500 468 637 670 
Weight per B.n.r. PEGG Get we 4.90| 5.20] 3,98| 3.42 











The Hispano Companies have been most prominent in the development 
of the ps ge thas pe type, and very large numbers of engines of 200 horse- 
power of the Hispano type were built by many companies in France and 
Great Britain. The latest form of the Hispano, the 300-horsepower engine, 
is the most compact engine of its type and power yet produced. This 
engine develops 300'B.H.P. with a B.M.E.P. of 116.8 at 1,800 revolutions 
per minute, ptston speed 1,770 feet per minute, and. weight 2.60 pounds per . 
B.H.P. The very high speeds of these engines necessitate the use of gear- 
ing in order to obtain practicable, propeller efficiency, except.in very: fast 
scouting machines. } : 

Im: this type, the cylinders were of steel screwed into a monobloc alum- 
inium water jacket, the. inlet and exhaust ports being arranged in. the 
aluminium casting, Tubular connecting rods are used, one of each pair 
having a forked big end which runs on the outer, surface of the other. 
Overhead valves are used and are operated by an overhead cenebaity So? 
cams acting directly on the valye stems, a form of valve gear particularly 
suitable for a high. speed engine. P , ‘ alter 

The Sunbeam Company also have built engines of this, type. which were 
extensively used.’ The earliest of these, with eight cylinders of 90 mm. 
bore, and 150 mm. stroke, was fitted with valves in side pockets, and de- 
veloped 145 B,H.P. at 2,100 revolutions. per minute, and weight per. horse- 
power 4.3 pounds, An engine of the same type with slightly larger. stroke, 
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160 mm,, developed 170 B.H.P. at 2,000 revolutions per minute, with. weight 
per horsepower 3.75 pounds. Later an overhead valve type was produced 
with cylinder 120 mm, bore and 130 mm. stroke, giving 200 B.H.P. at 2,100 
revolutions per minute, with.a. weight. per horsepower of 3.16 pounds. In 
all of these, gearing was employed to reduce the propeller speed to about 
1,000: revolutions per minute, 

The twelve-cylinder Vee engines were very. largely used, by the Allies, and 
in thig country underwent extensive development, particularly marked in 
the engines produced by the Rolls Reyce Company, two of which were em- 
ployed in the successful Vickers Vimy Atlantic flight. The steady increase 
in power and reliability obtained by this firm in-their series of engines by 
means of improvements if the design, proved by experience to be desir- 
able, is very remarkable and would seem to show. that important results 
could be obtained by the application of similar methods and high technical 
ability to engines of types which have undovybt inherent. advantages, 
but are still in a comparatively backward state of lopment. - 

The Rolls Royce series of Eagle and: Falcon engines, 12 cylinder 60 de- 
grees Vee, have reached very great . Sn the Eagle series the bore 
is 4.5 inches and stroke 6.5 inches; in the Falcon 4.0 inches and 5.75 inches, 
respectively. The cylinder construction and valve operation are similar to 
the Mercédés. The connecting rods are ofithe articulated type. The high 
speed of the engines necessitates reduction gearing. 

An early example of the 12-cylinder 60-degree Vee water-cooled type is 
the RAF. 3a 220-horsepower..._ The cylinders with their heads and valve 
ports are machined from solid steel forgings, with sheet steel water jackets 
welded in position. The inlet-and exhaust valves are in the cylinder head, 
and are actuated by a single rocker and push rod from a camshaft lying 
along the Vee, co-axial with and driven by dogs from the propeller shaft. 


. The crankshaft runs in roller bearings, and drives the propeller shaft at 


half speed thi spur gearing? The connecting rods are of the articu- 
lated type, and inium pistons with cast iron rings ate employed. 

The R.A.F. 4a was largely used throughout the war. Air-cooling is em- 
ployed, the cylinders being of cast iron with integral cooling fins, and valves 
in side pockets formed on the inner sides of the cylinders. The engine is 
developed from the R.A.F. 1a eight-cylinder, and is of very similar con- 
struction. 

The 240-horsepower Renault is a French water-cooled engine, with 12 
cylinders inclined at..50 degrees; bore 124 mm., stroke-150 mm., and a 
normal speed of 1,200 revolutions per minute. Little development of this 
type took place in France. : 

he Liberty, Fig. 14, produced in large quantities in the United States, 
is a 12-cylinder 45-degree Vee; the cylinder construction closely follows 
the Mercédés and Rolls Royce designs; overhead valves and camshaft of a 
similar type are employed. “The crankshaft journal bearing caps are cast 
in one with the lower half of the crankcase. The connecting rods are of 
the direct bearing type, one of each pair being forked at the big end to 
allow both to bear directly on a@ phosphor bronze shell on the crank pin. 
In the design of this engine, special attention was given to ease of pro- 
duction, and ultimately considerable sticcess was achieved. . 

Sunbeam Company also produced a number of 12-cylinder water- 
cooled Vee engines, the best known of which is the Maori, used in the air- 
ship R84 in the Atlantic crossing, The two banks of cylinders are: in- 
clined at 60 degrees to each other, and are each provided with four over- 
head valves actuated by two camshafts driven through trains. of y ye pe: 
ing; the connecting rods are of very light H section. As t is of sec- 
ondary importance in airship. work, a fly-wheel is fitted to the crankshait. 
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A governor is fitted, which cuts out the ignition when the rag speed 
reaches 2,500 revolutions per minute, or when the oil pressure falls below 
20 pounds per square inch. 

It will be seen that of water-codled Vee types we had two classés; steel 
cylinders with steel jackets welded on, and aluminium jackets with steel 
liners. In practice, the former, used in the Rolls engines proved probably 
more reliable and the latter method the lighter. The latter was ysed in 





high speed scouts and the former in longer formation flights and larger 
machines. ‘Both types ‘used’ overhead valve gear, in the latter the cams 
operating direct on the valve spindles. 2 ES! 

In the air-cooled engines of this type the cast iron cylinders kept the 
bein ore the most novel point was’the’ use of roller beatings for’ the 
crankshait. 
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As regards the fan or three-row type, little progress was made for some 
time after the original three-cylinder Anzani and R-E.P. The first engine 
of high power of this type produced’ was the Sunbeam 18-cylinder 450- 
horsepower Viking, with three rows each of six water-cooled cylinders, the 
anglés between the rows being 40 degrees. The bore and stroke are 110 
mm. and 160 mm., and the cylinders are cast in blocks of three, ‘with two 
itilet ‘and two exhaust valves per cylinder operated by two camshafts on 
éach row. “Master connecting rods are fitted for the central row of cylin- 
ders; and articulated rods for the side rows. Six carburetors are em- 
ployed, each supplying a block of. three cylinders. Each camshaft of the 
central row of cylinders operates’ the exhaust valves of one block of the 
central’ row and ‘the inlet valves of the other block, the exhaust ‘valves 
being on‘ opposite’ sides on the two central cylinder blocks. 

The Jatest development of the three-row type is the Napier Lion, Fig. 15, 
which has achieved very considerable success since the war. This engine 
was originally designed to work at full throttle at a height of 10,000 feet 
only, and to give not less than 300 horsepower ‘at that altitude. As actually 
built, these engines are capable of running at full power at ground level. 
The engine has three rows at 60 degrees of four separate cylinders of 514- 








inch bore by 5%-inch: stroke, with a compression ratio of 5.55, and normal 
‘B.HiP, 450 at 2,000 revolutions -per minute with B.M.E.P.. 122 pounds per 
square inch. The weight is 2.56 pounds per B.H.P. Fuel consumption, # 
504 pound per B.H.P. hour, and oil consumption .022 pound per BH P. 
hout. as pet es ae ~~ - short vtngh, of high powes $0 
be ‘builti::The engine is of interest: in, that, it,uses.a,; ¢ ession, ratio, 
and in that the design is of the oversized. type, the-cyl $s beh ng designed’ 
to’ work ‘at atmospheric! pressure with othies:: PAPA, BF ionally 
reduced in weight. It must be remembered, however, that the total weight 
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of, the engine inyolves many parts in which the limiting strength. is.deter- 
mined by inertia considerations, which are independent. of gas pressures; 
also many parts must be dimensioned with a view to casting considera- 
tions and certain minimum thicknesses must be allowed, so. that. the reduc- 
tion of weight obtainable by so-called light and over-sized design is not 
$0_great as might be supposed, 

urther, interesting features of the Napier Lion are the use of roller 
bearings for the crankshaft to reduce bearing loading difficulties as in the 
R.A-F. engines, and Hispano. camshafts operating directly on. the. valve 
‘tem: 


stems, 

Type 4, the Cross type did not come into service during the war, t h 
engines were constructed in England, by Messrs. Leyland Motors and. the 
Aircraft Manufacturing Company ; in renee by Cie 
America by the Trebert ia pagt 9 

The rotary air-cooled engine, Type 5, was very largely used, and up, to 
powers of about 230 B.H.P. has. been, found to be quite satisfactory. he 
particulars ofthe chief engines of the type are shown in Table 12. 


rget.and Anzani;:in 


TABLE 12. 
Rorary ENGtInes. 
| Monosoupape Le: Cler- 
Iaoana Gnome 


| 
hone get. |B.R.1 B.R 2. 





Make of Engine. 








Rated Horse-Power eel were} 80} 200} 160] 110' 130! 150| 200 
Number of Cylinders .. —..| No. 7 9 9 9; 9 9 9 
Bore of Cylinders .. - .. «| ‘Ing. | 4:88; 4.83| 4.55 | 4.41' 4.72] 4.72] 5:61 





Ins, | 5.51 | 8.91 | 6.69| 6.69' 6.30! 6.69] 7.08 
1055 | 1522 


Stroke of Pistons...  —.. os 
Total Swept Volume of Engine . ./Cu.In.} 748} 783 | 987 | 920, 994 
ex. ..| R 


Compression Ratio. . | 430 | 4.90 | 5.42] 492} 4:56] 5,00;)05.30 
Brake Horse-Power + -+| BamGP,| 68,6) 104] 152] 110. 127 | 186"), 238 
Revolutions per Mintite .. —_. | x... 1150 | 1200 | 1250 | 1200 ° 1250 ; 12501 1900 
Piston Speed in Feet per Mihute {Ft.Mn.| 1095 | 1180 | 1392 | 1340 , 1312 . 1904 | 1536 
Brake Mean Pressure... ..|n.uer| 63.0| 87.7| 97.6 | 78.9 81.0, 94.0 | 95.2 
Fuel per n.u.p. Hour’ ..>. «| Lbs, |0.787 | 0,690 |0,684 10.560 0.60" 0.59 | 0.63 
Oil per 8.u.r. Hour Lbs. |0.190,| 0.180'|0.112,|0,091. 0.123: 0,109, 0.074 








Brake Thérmal Efficiency. (18600 














p.r.v. per lb.) ..- :, as} % | 274! 19.8} 21.6] 264 22.8. 23.2| 21.7 
Weight of Engine Complete . «| Lbs, | 224! 288} 313) 396 400 ~ 405! 498 
Weight per pwr... +.» .) Lbs, | 2.27 | 2.77 | 2.06}°3.06 3.15 2.60; 2.10 





The early Gnome type was followed by the 100-horsepower Monosou- 
pape Gnome, Fig. 16. The distinctive feature of this engine is the induc- 
tion arrangement by which rich mixture is introduced to the cylinder from 
the crankcase through ports uncovered by the piston, the charge being 
made up by air taken in throsgm the exhaust valve in the cylinder head. 
This valve is operated by a push rod by means of nine cams driving from 
the rotating crankcase by an epicyclic gear. A noteworthy feature of this 
construction is the low gas velocity obtained by: the use of the single valve. 
Subsequently an engine of 150 horsepower of similar design was built! and 
gaye good results. ; i 

The Le Rhone engine, which was also largely used, has been already de- 
scribed, and except as regards power has undergone little modification. 

The Clerget ‘engines are noteworthy in respect of the valve operating gear 
employed, which has been adopted in the later BR1 and BR2 engines. The 
cylinders are machined from solid steel billets, as in the Gnome engines. | 
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The BR1 engine, designed: in Great Britain, is very similar to the Clerget, 
the only substantial novelty in its design being the construction of» the 
cylinders, with: cast aluminium barrels shrunk on to cast iron, and later 
steel liners: The cylinder heads are machined in steel with the induction 
pockets :in:one piece, and are held: down by bolts songs from the inside 
of the crankcase. The design of the: cooling surface leaves something to 
be desired in comparison with more’ recent: air-cooled cylinders. This.en- 
gine, however, showed good reliability in service; 

The: BR2 engine; developed from the BR1 to meet demands for increased 
power, differed from the earlier BR1 in the use of steel instead of cast 
iron for the finers; in ‘other respects the design is similar. 
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The: radial engines, Table 13, offer-advantages':as. regards ‘ weight | for 
power. ‘It! has been ‘shown that ‘such engines, ‘even’ on our ‘present ‘knowl- 
edge, can be built of a lower weight per: B.H:P. than any of the other 
types, and although their reliability: has not as!yeticome up to the standard 
reached ‘bythe water-cooled vertical and’ Vee types, their advantage in 
weight!teaves’ open possibilities of) their ‘attaining cotisiderablée:commercial 
use, with a: weight per horsepower lower than that obtainable ‘with other 
types, which have already ’ been developed) toa more advanced stage. 
Water-cooling may be employed in: radial engines, as inthe: Cantons Unné, 
which was extensively used early if ‘the war, but the radial’ type: offers 
such great advantages: as. an’ air-cooled) engine: that :for- engines ‘of powers 
up to 500. B.H.P. water-cooling would not seem to offer any advantage. 
Possibly water-cooling may raise the size of. radial engines; though the 
limit of size with air-cooled cylinders has not ne been reached, 























TABLE: 13. 
"Rapiar ENoLwEs. 

wy 4 r “4 Mark IT.; Mark II. 

Make of Engine. : - Anzani,| Wasp. | Dragon | Jupiter. 
. ; i Ot Fly. 

Rated Horse’ Power .. in ‘<< .-| He 100. #150 | 320 400 
Number of Cylinders ay “3 ..| No, 10 7! 9 9 
Bore of Cylinders .. = ..) .. °° ..| die 413; G45! 5.5! 5.75 
Stroke of Pistons .. al Inet Sark? Seo] 65]. ° 1:50 
Total Swept Volume of Engine se ..| Gu. Tag! 706 668"} 1390 1753 
Compression Ratio. . ‘ ‘i «+ |) Rew 4:48 4.00 4.51 5.00 
Brake Horse Power... 4 % ate gel Badin 100 (153 “294 400 
olutions per Minute =. .= oS | BM, 1200 tho 1650 | 1650 
eae in Feet, per Minute . oes Pt Min. W404 1 3790 | . 2060 
“Brake Mean Pressure ps pb pace 88.01 - 8844 107.5, 109.5 
“Fuel: per B.n.p. Hour , ooo tee eoaneapg aE Di 0.535 | 0.603 | 0.645 | 0.500 

Oil per’ Bane; Hour’: Lbs. |- 0.135} 0020} 0.030 

— hs gap Bficieney. co) Batu ae ain f 

War od pe 25.58 | 22-704 -21.21 , 27.36 
Bg - Enginé Complete | by a Lbs. 398 | _"204| ~~ 670 700 
Weight per 3.H.P,.—.. Men BP pe. 3.98 },02 2.54 |" 1,75 





- bg 7 
’ 


a 
The only example of the nis-cabied. ‘radial in service at the commence- 
ment of the war was the Anzani- “The 125 horsepower of this type has 
ten cylinders arranged in groups of fiv. eager a two-throw crankshaft, the 
bore and stroke being 4.53 inches and 5.93 inches, respectively, with a brake 
Mean. pressure of 86.2 pounds at 1,200 revolutions per minute. The fuel 
consumption was’ not excessive, ueaies only ly'.57 pound per BiH.P. hour; a 
“very ¢reditable performance with th: fe ofiair-cooling available ‘at 
that’ date? STC CHE BE ietoed Aut ‘this owes ‘type of radial has the 
advantage’ that’ the balance’ weights necessary in the single:row: radial:ate 
not required. ‘The ‘weight was, however, somewhat high, amounting to’3.7 
Feet t horsepower, ‘due to ‘the low B.M.E:P.: which ‘was 862; -with'a 
MEP. of 110 tomehe per square inch, ‘the weight ber horsepower would 
‘become 29 poun 
* Very early in the war an air-cooled radial, the Smith’ Static: was ob: to 
same extent. The engine had 10 cylinders, 4.53-inch bore and! 60-inch 
stroke. “These were ‘all placed in one plane} slanting ae rods ‘were 
used working ‘on’ two-throw crankshaft, ° A ‘special fan arrangement was 
used” for pt fi Phe compréssion ‘ratio’ was 45’ to 1 and ithe ‘normal 
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B.H.P. 150; this power being developed at 1,300 revolutions per minute. 
The fuel consumption was 0.53 pound per B.H.P. hour and the oil con- 
sumption 0.062 pound per B.H.P. hour. The B.M.E.P. was 92 pounds per 
square inch, 

Later engines of the radial type, the Wasp--and the. Dragonfly, which 
were not “brought into full service show -considérable advance. In 
these engines, one-piece solid-ended steel-cylinders are-employed with two 
exhaust valves and one inlet valve pef-cylinder. The heads are flat and of 
the same diameter as the barrels, with separate cast iron and aluminium 
castings for the exhaust and inlet ports and valve guides. Cylinders de- 
signed at the R.A.E. and fitted to these engines have given much improved 
results, .. Therincreased mean pressures may increase the mechanical difficul- 
ties due to the-heayy-loading of the single crank pin. 

The “radial ofthe Bristol Company, to some extent avoided the 
overheating difficulties byforming the ports and valve guides in an alum- 
inium casting attached tothe top of the barrel, which is considerably en- 
larged at-the combustion chamber end, giving a large surface of contact be- 
tween the aluminium. and_ steel. In this engine also’ the distribution was 
improved by a special type of distributor, by which separate mixture sup- 
plies are led to the cylinders in three groups. None of these engines, how- 
ever, quite attained the results sinee shown to be possible by the use of 
cylinders designed from the’ é¢xperimenutal work carried out at the R.A.E. 

‘The later radial engines did not have war service and their mechanical 
aewvigh were ~ so the dikes a 7} bey if .. f 

ith regard to the differential type, the only engine-which, came into 
servicé was the Siemens-Halske wid i wer, an/éleven-cylinder engine 
of bore and stroke 4.88 inches and 5.51 inches, with a compression ratio of 
4,95 to 1, giving 193 B.H-P., with a B-M.E-P. ‘of 96.2 pounds at 1,400 revo- 
lutions per.minute, and a fuel consum: ‘of .64 Hound pet. B.H.P;-hour ; 
at 1,800 revolutions’ per minute the B.H.P, was 204 and the B.M.E-P. fell 
to 79 pounds per square inch. ‘The engine is so that Pagaders and 
crankshaft rotate in opposite directions at the’ same speed, The weight 
per B.H.P. at 1,600 revolutions per minute was 2.24 pounds; a higher value 
than that of British rotary ngines of about the'same power. The cylin- 
ders were of steel with integral he; with single inlet and exhaust valves 
operated by push rods and rockers. This engine shows no advantage over 
the existing British and French rotaries. In this country the author, in 
1915, designed engines of the differential type, and subsequently an eight- 
cylinder six-stroke engine of 250 horsepower was constructed, Fig. 17. The 
total weight was 400 pounds, or 1.6 pounds horsepower. It was esti- 
mated from the performance of this engine an engine on similar lines, 
working onethe four-stroke cycle could be constructed at the extremely low 
weight of 1.11 pounds per B,H.P. Subsequently, Dr; Blackwood Murray, 
using the designs and results of previous exper ts, designed an engine 
to give 600 horsepower with a piston speed-of. feet per minute, and 
weight of 610 pounds, or just over.1 pound per BHP. This was not, 
however, proceeded. with. Ln aha BPR MBE ; 

It will now be of interest, before dealing-with-matters which may be 
said to be still experimental, to tabulate the results obtaitied in the different 
types by engines which had reached the stage at which luction in quan- 
tity was considered expedient. The results given in Table 14 are examples 
selected as being approximately the maximum obtained in ordinary prac- 
tice in production engines at the end of the war. : 

Many engines of various experimental types have been built during the 
war, but have not yet reached the stage of development at which produc- 
tion is justified. 
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One important class of these has been designed with the object of pro; 
ducing engines capable of approaching their normal ground level out 
when working at the lower atmospheric densities existing at high altitude 

Four main methods of effecting this have been proposed :— 

(1) Supercharging, i.e., admitting to the cylinder an additional charge 
of air or exhaust products or both at the end of the: suction stroke at a 
pressure of a few pounds above the —— atmospheric pressure, 

(2) Forced induction, compressing air taken in at the existing. atmos- 
pheric. density before leading it to the cylinder so that the inlet pressure 
at high altitude approximates to’ atmospheric density at ground level, 

(3). Design: for: low atmospheric pressure with restricted output at 
ground level. 

(4) Increasing. the compression ratio at altitude by varying the stroke 
or other means. 


TABLE 14. . 
Some Comparative RESULTS. 





| 





| Ver- Ro- | Ro- 
Type. of, Engine. | esr: Vea. Vee. Arrow.| tary | tary |Radiaf 
Codling Bystem | [Wetee Water- Ai. |Water| Air | Air | Air 


Number of Cylinders | No. 6 Sf 12). 8 12 12 9 9 9 
BoreofCylinders' ..' Ins. S71 | 5.51 | 4.50, | 3.94 |:'3.94 ) 5.50 4:51 | 5.51 6.15 
Stroke of Pistons ..- Ins. | 7.48 | 5.91 | 6.60 x ., > 6.125 | 6.60} 7.08!) 7.50 
Brake Horse Power) | B.H.P.| 240:| 300°} 350 vo i be 450 | 162) 238 ), 400 
Revolutions per Min. | R.P.M.| 1400 | 1800 |. .1800. 1609, 2000 | 1250. | 1300 | 1650 
Brake Mean Pressure ‘The.2q” ! \y 18.1 7 124 83 ! a 122 | 97.6, 95.3 | 100.5 
Piston Speed in Feet: i | } { 

per Minute «;Ft.Mn.: 1746 | 1770 | 1950 | 1470 : 1654,| 1708 | 1392 1536 2060 
Fuel per 8..P. Hour | Lbs. {0.500 |0.587 | 0.50 10.700 '0.632 | 0.495 |d.634 | 0.630 | 0.500 
Oil per B.m.r. Hour ..' ‘Lbs. | 0.062 }0.040 | 0,028 |0.056'| 0.054 | 0.022'| 0.112 | 0.074 | — 
Weight “per s.atr., ; ; 

comiilete with Cool- ! ; { L 

ing System. ++ Lbs. . 3.25} 2.37 34 > 5.20; 3.42 » 2.52} 2.06) 2.10 | 1,75 


























The first method is a development of the air and’ sentir gases ‘stipercom- 
pression gas engines proposed by Sir Dugald Clerk in order’ to ‘obtain ‘high 
mean pressures with maximum pressures’ and temperatures ‘lower’ than 
those reached in normal four-stroke engines when’ wo’ Of ‘gases’ of 
high hydrogen content, particularly in ‘large cylinders. In Clerk's exhaust 
supercompression engine the piston was arran to overrun ports routid 
the eylindet at the outer end of the stroke. The exhaust gas passed from 
the cylinder through these ports’ to a water jacketed annular’ and 
through a long cooled pipe to a reservoir, a sufficient P of ‘exhaust 
gas being allowed to pass to, the pressure in this resérvoir above that 
of the atmosphere. A piston va ie was ks to close the’ inlet to the 
reservoir before the main exhaust valve next stroke, imme- 
diately after the charge inlet valve was c athe p ‘on valve was opetied 
allowing some of the cooled exhaust gas _ gr ton to’ flow ‘by 
another pipe’ to the 2 oa raisi sing the pressure to "above 3 pounds 
atmosphere. “Clerk also suggested that temperature in’ large” gas engine 
cylinders might be kept down by scavenging with cooled exhaust gas. 

During the war proposals were made to apply superchargig to 2 
B.H-P. engine and also to a Brotherhood engine but ‘did ‘not ‘lead 
ther construction. S seg gg? an engine was designed by Mr.H. Ricardo 
and built’ in the form’ of a 300-horsepower 12-cylinder Witt cog Vee 
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engine with’ the’ banks’ of ‘cylinders inclined at 30 degrees. :: ‘A crosshead 
piston is employed’ and ‘alternately draws in and compresses air in th 
closed space below. it; the ‘piston’ overruns ports: in the cylinder!as.in’ the 
Clerk engine anda‘ portion’ of’ ‘the exhaust products pass. through: the 
cooled” passage to the space below the ‘piston into which the air has ‘been 
drawn during the previous compression stroke. No valve other than the 
ports overrun bythe piston is‘employed to controlithe flow of the ex- 
haust products ‘from and tothe cylinder and’air is drawn in through an 
atitomatic ‘valve during each’ instroke of ‘the piston. ~The cooled ‘exhaust 
gases form only ’a small proportion of ‘the super-charge which consists 
mainly of air; arid the’ hot gases which would’ ‘normally remain in’ the 
cylinder at the end of the exhaust stroke are displaced by cooled exhaust 
gas and’a cofisiderable proportion ‘of air. “A single cylinder :unit ‘of '110 
mm, bore and 140 mm. stroke with a compression ratio of 5’to1 running 
at 1,500 revolutions per minute developed 16.6 B.H.P. without supercharge 
and 22.4 B.H.P. with supercharge’‘and correspondingly increased fuel 
supply at the same speed. 

With regardto.the second...method,.. forced..induction,...a.considerable 
amount of work has been done at the R.A.E., Farnborough, and also in 
Germany and the United States. 

Good results have been obtained with a blower running at a high speed 
mounted,on the shaft of an exhaust driven turbine. This was first pro- 
posed by Prof. Rateau in France;;and. promising results have been, ob- 
tained with experimental units at the R.A.E. and also in France and, the 
United’ States: A ‘blower of this type applied toa Liberty engine has: been 
tested at: the R.A.E. and’ has shown that ground level power canbe main- 
tained to heights of 20,000 ‘feet or more.” ; 

aoe method will probably be found the most suitable for ‘very ‘high 
altitudes. 

As regards the third method, engines have been designed with a spe- 
cially high compression ratio.for altitude and some, of these have come 
into service, for example, the Napier Lion in this country and many airship 
engines, and also the Bayern 9 oe in Germany. So far.as the author is 
aware, the compression has not been'carried to the high value which would 
be gg ws hh one « means ne limiting pornos of ground level, 
though for moderate a fitades it. appear. to, proyide the. most satis- 
factory solution of the problem. ‘With regatd to the fourth method, vari- 
able; compression, .so far, as..the author is aware, there were few, if any, 
aero engines in, operation.in which variable compression. was employed. 

Many experimental types of engines were proposed during the war; but 
for, the most part they. would have required prolonged research and. experi- 
ment before they could reach the; stage of development at which produc- 
tion in, quantity could, be justified, It may be.of interest to mention a few 
of these proposals...» |, } La OE 

Although. no.aero engine working.on the. two-stroke cycle has reached 


the production, stage, a number of different ‘types have. been proposed. 
Engines, -working on the two-stroke cycle were built by the New Engine 
Company. in.1912. . “engines, were produced in two sizes, ely, 50 
horsepower and.100, horsepower,... The. 50 horsepower, was.a Vee. type 
engine with 4 cylinders, 3 11/16-inch bore and 414-inch. stroke, developing 
50 Bn, at, 1,250. revolutions per minute, The 100-horsepower engine ha 


aro 


6 verti 


cylinders, of 4-inch bore and 51-inch stroke. The weight of, the 
engine with.silencers bolted to the cylinders was 330. pounds. It developed 
100: B.HjP.,at eves renalubions, Ns minute... The, fuel and. oil consumption 
of these engines was stated to | apnrexinnately 0.58. pound. and 0.026 pound 
per B.H,P, hour, respectively... The mechanism provided for pumping in 
the fresh gas and driving out the exhaust was a special form of Roots 
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Blower; it was divided: so thatione part dealt with pure air and the other 
with gas.:/A rotary valve, interposed: between the blower and the cylinder 
controlled the inlet and air only was admitted until all the:exhaust: products 
were iéxpelled. io si ni fooy AT 

Another engine which may be mentioned: is the: F'redickson’ two-stroke 
rotary, which was;built in the United States, with 3, 5, and 10: cylinders. 
In this engine the lower part of the’ cylinder. is» partitioned off to: form:a: 
space in which the charge taken in| from the crankcase is compressed. An 
oscillating slide valve controls the passage of the mixture from the crank- 
case to the compression chamber and from this to the cylinder. 

Prof. Junker, in Germany, has constructed a high speed two-stroke 
cycle engine..with. two pistons moving in opposite directions in each cylin- 
der and controlling ports in the cylinder at the outer end of their stroke. 
Pure air ‘scavetiging.and direct fuel injection are stated to be employed, a 
high-pressure fuel pump regulating the mixture. A number of cylinders 
are placed parallel to éach other with two parallel crankshafts at the ends 
of the cylinders. The propeller shaft is driven by a spur wheel gearing 
with’spur wheels on. the crankshafts. 

The cooling of the pistons.is. effected by oil enclosed in cavities within 
them, so that the oil im violent.motion carries the heat from the head of 
the-piston to.its sides and.so to the cylinder walls. 

Hirth is also.stated to have tested a two-stroke cycle engine in which the 
exhaust. gases are drawn off through a hollow steel propeller which at the 
same time serves to draw in. the fresh chatge; separate exhaust and inlet 
ports are sticcessively uncovered by the piston. ‘ 

The engine is intended to at 2,400«revolutions ‘per “minute, giving 
300-400 horsepower with a: it per horsepower of 1,65 to 1.76 pounds. 

Another interesting experimental type is the swash-plate engine, one of 
which, known-as the Perfetti Dolara, has been constructed in Italy in the 
form of _a-nine-cylinder air-cooled engine of 130mm. bore by 176 mm. 
stroke. “It is stated to.give 300 B:H.P, at 1,500 revolutions per minute, with 
a weight of 2.05 pounds per horsepower. et ; 

Another of this type is the Motor La Meuse, a six-cylinder water-cooled 
stationary engine, 120 mm. bore by 140 mm. stroke, with cylinders parallel 
to the shaft axis and developing 125 horsepower. : 

Oscillating cylinders have been employed in the Seja engine, 


Lecturé HI —Delivered January 31st, 192T. 


Theré’'were several very interesting types of engines constructed during 
the latter days. of the war or shortly after, some of.very high power. — 
Of the-12-cylinder Vee type, there are the Galloway “ Atlantic,” which is 
substantially. two.” B.H.P.” engines: arranged as a Vee; the Siddeley ce: 
which has cylinders 160 m/m bore arid 180 m/m stroke, 500 B.H.P. 
at 1,500 revolutions.per minute; the Rolls Royce “Condor,” with cylinders 
having a bore and:stroke of .5.5 inches and 7.5 inches, respectively; the 
B.H.P. developed is up to-600-at»4,750- revolutions per minute. Another 
large engine is the Sunbeam Sikh, which is stated to develop 850 horse- 
power at 1,400 revolutions per minute ; .the cylinder bore is 180 m/m <ad 
” se vagy Seah te es - day 2 be s Sabb ot ines . 
n France, Peugeot has produced an engine with a bore of 160 m/m an 
stoke Of 170, m/a, which develops, B00 Hortepower a 3.000 revolutpns 
per minute. ont bi ; ee eR COG TE Byte t Bae ; ae me 
With: regard, to 8-cylinder Vee enging ines, the Hispano-Suiza now develdps 
well jie A Ta and is the leading engine of this type.” e is roll 
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The three+row ‘or arrow typeis now built by Lorraine Dietrich with 24 
cylinders, ‘having a bore of 126 m/m and stroke of 200 m/m: ‘This engine 
develops: 1,000: horsepower. 

The Cross type has been built by Peugeot in the form of a 16-cylinder 
water-cooled engine of 130 m/m bore by 170 m/m stroke. 

A very interesting engine, completed just before the termination: of: the 
war, ‘was the Cross type designed' by. J. G. P. Thomas, of Messrsi: Leyland 
Motors.’ (Figure 18.) © This ‘engine had‘8 cylinders; developed 420 horse- 
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banish is at 2,500 revolutions per minute, and its dry aa in nctuding fe: 
motor for starting purposes, was 550 pounds, or 1.31 polind $ per. 


Or t the ‘Radial type reference may be nisde to, the Armstr - id : 
Anzani and F.I.A.  gsbieroh s id 5 dey 
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The Armstrong-Siddeley is built in two ‘sizes: 150 horsepower and 300 
horsepower! These engines have a bore and stroke of 127 m/m; they are 
both air-cooled and each develops its stated power at 1,500 tevolutions: per 
minute. A! water-cooled radial with twenty cylinders: ‘and capable of de- 
veloping 600 horsepower, has been produced by Anzani.| In Italy the 
F.LA.T. have constructed a water-cooled radial enginé with 9 cylinders, 130 
m/m by 150 m/m, which devélops’ 300 ieee at 1,800 qrvctations per 
minute. : 

Other types and modifications of the main types have ‘at, proposed, and 
it will be obvious*that many cylinder arrangements “are possible, and no 
doubt, when the commercial prospects of aviation-bécome more easy, we 
shall see a great renewal of activity in the production of new models, 

In dealing with the future development of the aero motor, I think we 
may consider it with relation to a comparison of types of existing engines, 
as given in Table 15. 

We may discuss the progress that may be made under three headings : 

(1) Thermodynamical. 
(2). Mechanical. 
(3) Metallurgical. 


Taking thermodynamic considerations first, the present) aero engines 
work almost universally on the four-stroke constant volume. cycle, with 
equal compression and expansion, and any departures wh ich have been 
made from this cycle may -be regarded as purely experimental. 

The best aero engines at the present day obtain thermal efficiencies of 
over 30 per) \cent; high-compression land engines have reached 36 per cent. 
It is obvious that within limits imposed by mechanical considerations, the 
thermal efficiency is in¢reased by raising the compression fatio, but this 
is already ig miost casés as: high as_the fuel employed will permit. 

In the constant volume. cycle, the methods which offer a prospect of im- 
nr wade Geto lency are ;— 

)E ding the Ripadeion ratio keeping the maximum allowable com- 
Me = io. This can be-effected by :-— : | 
a) Mechanical devices for varying the stroke. ~” i 
b) pounding. : i 
ge A owing greater expansion than compression in the cylinder. 

(2) Raising the compression nih, made ‘possible by the] use of a fuel 
less liable detonate. i 

(3) Supercharging 

(4) Stratified Dorking by which losses die to cookteig and variable spe- 
cific heat and dissociation ‘are reduced, 

fe Regéneration, é.z., utilizing: heat lost to: the jacket and exhaust. 

6) Constant pressure and duai cycles, etc. 

(7) Direct injection. i 

Taking these methods inorder, the first, (14), can be ¢arried out by 
varying the piston travel during successive strokes by the tse of suitable 
mechanical | devices, An eatly example of this is Atkinson's link motion 
(see Fig. 6), and: although it-is stated that high efficiency 
was obtained in the early “speed gas engines, in which it] was originally 
employed, the mechanism as uséd.is hardly suited to. aero 
though it has the remarkable property of giving: four strokes of different 
length per {revolution for Ad, four-stroke cycle, thus allowing high piston 
—, _ w propeller speed.” ~ 

4s an eccentric mounted on the crank-pin |and rotated in 

ainair of se; this. ‘method: can: be readily applied to a ra o ae. A 
ae oke wa $ obtained in one of ie lerget in the 
itlin 
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With regard. to (1b); compounding, many attempts have been made 'to 
build ‘a compound: internal combustion engine, but so far with little success, 
even for heavy, stationary engines; the difficulty has always been the loss of 
heat.in transference of the working fluid to thelow pressure cylinder. For 
aero work the large: size of engine:required to utilize the low pressures 
would, make: this. method. quite ‘unsuitable. Better results are likely to be 
obtained, by»method (1c); “allowing extended expansion in the same cylin- 
der. This may: be effected by late closing of the inlet valve during the com- 
pression stroke; this’ would, of course, involve the use of a lower com- 
pression ratio, unless the bearings can be raised by means of an eccentric 
mounting: as a: compensation: 

Mr. Ricardo has suggested that this method should be employed to 
enable an éngine, working: with ‘a very high compression at altitude, to be 
run at ground level at a lowet compression without undue loss of efficiency. 

The, economy: can: be safely increased by raising the compression ratio 
above present ratios if special fuels. are employed containing a higher pro- 
portion of toluene or other aromatic hydrocarbons, .» By ‘using fuels con- 
taining suitable :proportions of. these: compourids, the possible. compression 
ratio at ground level may be raised: from 4.85, the highest permissible with 
a light: paraffin, petrol, to 7.05, giving an: increase in indicated thermal: effi- 
ciency of from: .311:to .373. Above this ratio’ we»come to conditions’ in 
which, up. to the present, .only direct ‘injection of fuel: has overcome the 
pre-ignition: and other:diffieulties.' This is: dealt with later. The addition 
of.-cooled exhaust: prodticts:.is' another: method : which: enables the’: com- 
pression ratio to be. saised,: or:more: difficult gases: or fuels: to: be worked 
with. It was used by Clerk in 1902, added separately, and in Germany it 
was mixed with the gas previous to: admission. The author was con- 
cerned with its use for admixture with coke oven gas in these early days. 
This gas has a large percentage ‘of hydrogen; and is extremely prone to 
pre-ignition; etc; it is quite readily used’ when mixed with cooled exhaust 
products at normal compressions. In,considering the use of hydrogen ra 


ship. engi _made_availab fi reductio i 
ee o eer need used, the en § ais sfion_of 1g ucts a “3 ane 
should, not be lost sight af. wy, Ricaaio has proposed.an,ingenious form 


of ait + control by; its u 
Pag ging, 2 alt zh it i ha rto been, very little used, is undoubt- 
edly likely to for economy, increase of power, and 


for altitude psn o> be rr attitude work the alternative: method of. 
forced: induction ‘will also undoubtedly come into use)“ In both,’ the mass 


of working fluid) in’ the cylinder is increased. Pumps)or rotary; blowers 


may be: ,employed: or the required compressed air..or, cooled ; exhaust 
products or mixture of these for the extra charge may be obtained. by 
utilizing: fhe exhaust pressure in the engine cylinders. 

In a ‘six-cylinder-in-line engine this may be effected by using ‘the ex- 
haust pressure of one cylinder to blow air and cooled exhaust products into 
another cylinder at the of its ae at which thé éxtra p is re- 
quired. The thermodynamic economy in a supercharging engine is’ ‘due to 
the lowering of the temperattire of the working fitid ins the mean one 
sure is kept high, so that thedlosses: due to — _ to: pone nt tind of 
specific heat and dissociation ‘are. minimized.“ 





STRATIFIED WORKING. 


The ices of stratified working is a very old one and was first raised by 
Otto’ anid’ hig ‘sup in’ an attémpt to: show that‘ in the°original Otto 
enigines, also’ carly two-cycle’ engines, there:é et ee 
tion a ‘of inert gas in the neighborhood of the “piston. “In the ordi- 
nary’ ‘speed’ four stroke ‘or two-stroke: petrol engine there’ can be no 
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doubt that owing to turbulence this is extremely difficult to obtain; for the 
cylinder at the moment @f ignition contains a substantially homogeneous 
mixture... The-use: of a specially shaped cylinder head and: proper control 
of the admission charge is one method of overcoming this and is: used in 
one form by Ricardo. With delayed: gas'admission there is alwaysa suf- 
ficiently rich mixture to ignite in the neighborhood of the sparking plugs, 
while in the neighborhood of the piston the mixture is extremely’ weak or 
air alone: This makes possible the complete:combustion of relatively weak 
mixtures, whereby the temperature im the engine cylinder cam be ‘very°much 
reduced, so:that,: whereas in» the ordinary: cycle:with fuel! sufficient to burn 
the whole of the oxygen in the charge, the maximum:temperature: rises’ to 
approximately 2,500 degrees C., by means of stratification, the temperature, 
and with:it the cooling and specific heat and dissociation losses, can’ be so much 
red that: higher ‘efficiencies can be:obtained; “In anengine with a com- 
pression ratio of 5 to 1:working with stratified charge at’ one-third ‘full 
load; a consumption. of) only’:0.36: pint: of: benzolper ‘indicated horsepower 
hour has: been obtained. It will be seen that this) method of working’ in- 
volves ‘the use of large cylinders in proportion to the power ‘obtained: whea 
running. with» maximum economy::Inversely ‘it allows ‘the power’ of) an 
engine: to be reduced: with «maximum: economical: working; 'a: condition 
called for:when the aeroplane: is ‘at+ flying elevation after ledving: the 
ground: In another form used with two-cycle engines, extraordinarily. good 
results were obtained: by the author in 1913’; these are given in: Table 16. 
The engine was a latge one and the speed slow; this allowed the stratifica- 
tion to to be carried out with more than usual accuracy. 


TABLE. 16. 


STRATIFIED, CHARGING, ; 
ReEsvutts OF EXPERIMENTS MADE ON.A4 LARGE Gas. ENGINE. 


Two-Stroke-Cycle-Light Load-Slow Speeds. 











| Average’ |’ Indicated |’ Mean Revs. | Indicated 

Date. . B.T.U’s per| Horse | Effective | Per | Thermal 

LH.P.hour| Power. | Pressure. | Minute. | Efficiency. 

3+7-13 6620 83:5 30:4; 87.0 (AB. 2%): 
37-13 5800 83.2 31.4 87.00: 43.8% 
$-7-13 6020 81.7 29.9 87.0 42:2%, 

3-7-13 5930 “, 87.0 31.0 89.0 | 42.8% 
Average | 5843 83,8 30.7 87.5.| 43.5% 

















Approximate Contents of Working Cylinder. 
Volume of Cylinder, = 8,49.cubic feet. i 
Volume of Mixture == 3.44 cubic feet. 
Volume of Exhaust Products <=' 5.06 cubic feet. 


REGENERATION. 


The great loss of heat tothe jackets and by the exhaust has directed, the 
attention of many. designers to methods of. conserving . it... In. stationary 
‘engines it has been proposed to employ the jacket water and, exhaust heat 
to. raise steam. In:the Still. engine the, cylinder. heat,.is. utilized. by: using 
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the generated steam.on the other side of the internal combustion piston. 
There :is:‘no doubt: that increased economy can be obtained ‘in this way, but 
much experiment is required before this method cam be adapted to aero 
engine; work and the additional weight required will probably limit the use 
of the:method>to:airships alone. Methods of using air as the’ heat’ trans- 
ferring agency, to be added to the compressed cylinder air at the top of the 
cycle, have not been developed. . 

It is:of interest to’ note that in the operation: of ‘exhaust driven turbine 
blowers for forced induction in high altitude engines, regeneration is toa 
certain extent: employed owing to the conversion of a portion of the ex- 
haust. heat. into kinetic energy in the turbine nozzles, 

The constant pressure cycle has so far been very ‘little employed, if at:all, 
im: aero-engines, Owing to the higher compression which can be employed 
when air::alone.is' compressed’ higher ‘thermodynamic efficiencies ‘can ‘be 
obtained, ‘but: at the expense of’ considerably increased’ weight due ‘to ‘the 
much higher pressure: This cycle’will probably find: its'most useful appli- 
cation in:airship work where economy of: consumption is of great im- 
portance«and weight is of: less» account.” In any’ case the type of engine 
most: likely to be employed works probably more on the constant volume 
than/.on: the constant pressure: cycle. This type: does» not employ air ‘to 
inject the fuelas' in the Diesel. 

Direct fuel ‘injection is employed in all high compression: éngines, and as 
it can be used for other types as well, it has become of very great:im- 
portance as a system for thorough investigation; and in’ addition to its ad- 
vantages as regards performance, ‘it: materially reduces the risk of fife. 

In the first type, in which thesengine is of substantially the same stréngth 
and type as those in common use, the’ fuel «is usually injected on the’ suc- 


'tion:stroke or early in the compression stroke: With suction stroke: injec- 


tion remarkably high mean pressures have been obtained. (over: 130: pounds 
per square inch); the economy so. far is probably not: up: to that obtained 
with ‘the ‘usual carburetor; later injection on the i 
to reduce the ‘mean’ pressure’ as more penetration is: involved, »while:'the 
turbulence ‘is ‘decreasing. Finality has, however, by no means: been reached, 
and: considerably more experimenting ‘is required; the ‘results ‘so ‘far ob- 
tained are of good ‘augury. A further advantage of: the: system is -that.a 
common inlet ‘and ‘exhaust valve can be employed, allowing a: large valve 
area‘and' good ‘volumetric ‘efficiency for piston speeds=up: to 3,000. feet: per 
mute and more; also facilitating the cooling of the valves and ‘cylinder 
ead: © ze. : 
Direct injection was due to Akroyd-Stuart, and, therefore, he may be said 
to’ be the ‘originator of all: high ‘compression engines; including: the Diesel. 
ee hen engineuses two jets ‘and works on the so-called)“ Dua!” 
ae tha mate. trek oe os 1B? 7 
“Inthe higher compression types, including the Diesel, the compression 
may’ be' up to’ 500 pounds per square: inch; and even over, with; consequent 
very much “increased engine: weight. Unless this can be. considerably - re- 
duced, the'only field seems to’ be ‘for airships... In the Vickers, type, as:used 
on submarines, where the compression:is:380 to 400 pounds: per square ;inch, 
the remarkably low fuel consumption: of ,385 pound per B.H.P. hour -+has 
been obtained.’ What is also very valuable for long’ distance work, crude 
oil.can be used with considerable saving in fuel cost, Although no airship 


‘engines are at work on this cycle in this country as yet, it is reported that 
they have eee bite in Ge 


many. ; 

“Mechanical ‘development will take place in. raising ‘output ‘relatively \and 
reducing weight per B.H.P. by overcoming the difficulties which impose 
limits to the spéeds at which engines can now'be run; which’as:previously 


mentioned, ate reached in practically all types due to’ the bearing’ loadings 
and valve gear, etc. 
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Further, and most.importantly’ by increasing the reliability by the gradual 
removal of all risks from, over stressed parts or those: still unknown: ! 

With regard. to ‘the: former, the ‘difficulties of high speed increase with 
the thermodynamic: and. volumetric improvement, since the higher mean 
pressures ‘involve increased strength»and weight: of -connecting) rods; ‘big- 
ends, etc., with: correspondingly -increased: inertia forces and i ‘toad 
ings. Increase of compression ratio particularly approaches <a limit: at 
which any increasé» in) thermodynamic efficiency’ involves :such | increased 
weights of moving parts.that'the advantage gained: is more than balanced 
by, the: mechatiical disadvantages::involvyed: .We may, with: advantage,:turn 
again to Table 15. This'table hasibeen:calculated for.a:common mean: pres- 
sure. of 130. pounds; per square: inch and: ‘piston speed: of: 2,000: feet | per 
minute. . The increased speed difficulties.are the greater, and it :is important 
to compare their effects: on different :types..-In) the main; they refer! to 
big-end bearings, main -bearings,: and: valve gear. The) difficulties of heavy 
bearing loading are:most pronounced: at-the crankpin and become.'specially 
important in types ‘with: multiple big-ends, such’ as the: radial; but highest 
at the crankshaft in vertical, Vee and other:types. -The.use of:roller bear- 
ings, as in the: R.A.F., Napier: Lion;ete;has largely overcome these: diffi- 
culties; though: speeds! and, loads!’ may \possibly.be further increased :to! a 
limited extent by the use of higher pressures.for! lubrication: i.d99 

It: is of: interest to: consider! what: are. the» actual; limiting factors in 
engine: speed. des sel by SS e9 ytd rd 

(1) Inertia forces and -bearing: loadings. 

(2) Provision! of adéquaté! valve:area. 

yh Acceleration ‘forces:in the valve..gear. 

4) Inertia of the connecting rod, ; : 

(5) Rate of heat: flow as. affecting jacket .walls,. piston, .valves;and 

marr A Keown tO 
Om gear. + : i Tae 

It isnot proposed:to, discuss all these factors: in relation tothe limiting 
speed, the. primary object: being to draw attention to the limitation imposed 
by 'the:bearing loadings; it is, however, of interest to note that with the ex- 
ception of item :(6)) arid, toa certain extent, item. (2),| increased, speed 
seems to point, tothe necessity of using small cylinders, This, is especially 
the case as, regards the inertia forces since the masses concerned are. in- 
variably machined all over and their weight varies therefore as the:cube of 
their dimensions. yels prot. bers ghee: 

To direct attention to the importance of the big-end and its limiting 
effect on speed; ‘the following: approximate: figures, have. been...kindly 
worked ‘out atthe request: ofthe: lecturer, by Mr, H. A. Hetherington. 
They ‘reveal the state of affairs very: clearly ; it will be.seen, that: the simple 
six can be run very much faster than the single-plane radial, a point hardly 
sufficiently’ realized when ‘comparing types. . Further, if other: considera- 
tions ‘did’ not in turn become dimiting features, it is indicated that. there. is 
less difference between weights of various types than ‘is usually sup 

In examining this important limitation let us assume four engines, each 
of! 1,200 Say or, sro mye stroke/bore ratio = 1.1711 and: running at.a 

iston speed (v) of 2,000:feet per minute. ar chieste nite. 
The dimensions of ‘the engines will be assumed to be as follows:+- «.... 
, ' Bore, ” Stroke, 

ches. inches. 


is i in che 
(a); Six-cylinder. vertical, ..).j0/-- oes $i wn cpr endo AA sf ot 00 
(b) Twelve-cylinder, Vee ssissayngen sees seater vat Sttiow. & oh 
(c)>Twelve-cylinder: Fan... <+. ++ aii sae pinielendene 4,78 


(d): Nime-cylinder Radial: + <4. 0 es iadua hed 525. | B14 
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The: equivalent;,revolution speeds corresponding to.a piston spéed'(v) of 
2,000 feet/minute will be given by 
n= ileal s 
which gives us 
(a) = 1,715 revolutions per minute. 
(b) == 2,140 revolutions :per minute. . 
fe) == 2; 140 revolutions per minute, 
a) = 1 960 revolutions. per minute,” 
rotating weight acting on. the ‘ies ering will be ‘assumed to 
be equal to. 
Wt = dis’ A & ‘Conistalit, ” 


A corte the : area of one piston in peiee inches, de thie gbtistant ‘varying 
“accord 


4 to the number of pistons coupled to one crankpin. 

the above assumptions we arrive at the following’ values ter ‘the 
hele l weights (w) acting oa Pa! i Poa ela > 
Bosnia 2 = 
(6) 0.18 18.0 K 18 = Sy deta 

.(¢) 0,18 X 18.0 X 2.3 =, 7.45 pounds. | ; se acke 

(d) 018 X 21.7 X 42,= 16.4. pounds. 

The ‘cen ratte pressure ids due to these rotating: masses is given by 
the formu 

\¢P, = 0.000142, X.- w. Xt r 
which gives us the following ox ¥ for. the four types of engines under 
consideration :— 

(a) 1,490 pounds. 

0 2,120 pounds. 

¢) 2,720 pounds, 

(d) 5,480 pounds. 

In order to get some idea of: the ioe loading! ti on 'the > aee beari 
due to this pressure, we must further assume some ‘dimensions “for t 
crankpin which agree reasonably ‘well with’ average miodétn practice’ The 
— which have been assumed are tabulated below: ‘for the fod? Bek h% 
of engines..: |, 


Liga 
: (a) (b) ey * a) 

Bore of cylinder ).....02..... foe gets ige ter Vnnve ves 6.094.798 4785.25 
Diam. of crankpin Be as cares Meee fa Side dvs. cd RS 216" 2.20: 2.62 
Ratio Diam, ctaokpin eee esis saggaceeeeeees i OAS 46, 0.50 
re of cylinder. it oh Vansriesatl 
Effective jength of big-end bearing, Geb Bh Rees re de a3. G8 34 
oe rite 495 5.5. 8.12 


Projected. area -big-end-bearing (square inc 
With the above dimensions the loading (cl. } on the bag- ene: pigie! ‘due 
“a to pag rotating . a ml be as er Mano 
square inch, 
‘3 paceman Ad GF baertier t Xa suf 
95. pounds. square 

pescado ‘ei. 

given a au 






thie ie lo d hetor Of ort 
oe st ame ei 

viendo at oh Ps ian cee pel ip hea st adie — 

©The Michell principle does not” follow ‘this /rale! 29" 971! oi 92807 ami vider 
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- With the: above: assumptions we ‘get the following values for ‘the: toad 
actor :— 

(a) 200 X 18.85 = 3,770 pounds foot second. 

(b) 433 X 20.1 = 8,700 pounds foot second. 

¥ 495 X 20.5 ==10,150 pounds foot second. 

d) 632 XK 22.4 14,150 pounds foot second. 


In considering these figures a comparison can only. be usefully made. be- 
tween engines (a), A and £2 as in these three types it is customary to 
use the same type of big-end bearing (4e., white metal on steel), whereas 
in the case of radial engines the big-end bearing i is usually fitted with ball 
or roller bearings.. On the other hand the use of ball or roller peerings 
very considerably increases the yg wig so. that full advan 
cannot be taken of the fact that th be more heavily loaded with 
safety than a plain bearing. It woul rosie that a hopeful. solution for 
the big-end bearing of a radial engine would lie with a composite plain 
bearing, consisting of a number of floating bushes with adjacent rubbing 
surfaces of case-hardened steel and bronze. 

Referring again to the four types of engines under consideration, the 
following. table shows the variation in revolutions per minute piston 
speed, centrifugal loading and load factor under various conditions :— 


Permissible Increase in rs ary Speed ior a Constant Centrifugal ‘Loading 


Big-End' Bearing. , 
Type Of engine... .cccerrieeseergeereacecees (a) (b) (ce) (d) 
Revolutions. per minute for piston speed 
== 2,000 feet/minute .........ccseeeeeeees 1,750 2,140 . 2,140 °.1,960 
Centrifugal loading on big-end. bearing 


(por SQUATE/INCH).... 00% dereserade cas 200.._. 433 495 : 632 
Permissible. increase in engine spend for 5, 
centrifugal loading =. 632. pounds .square # vir 
inch, .per. cent.....:. Waa intieaitind Gsie Waihi 78 21 13,...<.0 


TN 


Permissible Increase in Engine Speed Le a Constant Load Factor—(cen- 
trifugal loading only). 


Type of CABINET nS 5 bbe SUL Sci UNS (a) (b) Ce) » fd) 
‘Revolutions: per “minute ‘for piston speed = : Bit) 
2,000 feet/minute .........cseeeceeeeeceee 1,715, 2,140 2140 1,960 


Load ‘factor—pounds feet ‘second........... 3,770 ° 8,700. 10,150 ‘14:150 

Permissible increase in engine speed. for load BARE 
factor = 14,150 pounds ‘foot “second, per mt 
Feet sat he. sve iisatoore rere cr ets Fil Nee 8 aE kt i 


Values of centrifuaot loodinig and: load’ factor for constant speed = 2,000 
revolutions per minute. This condition’ és that of constant power if 
the value of p is assumed to be the same he v4 engines. 


Type et engin’). od (a) (BY CD +0 
Centrifugal loading on. big-end , bearing 4 oly Bg 
(pounds square inch).........4 ee 272 378). ‘533 


Load factor (pounds feet second) .,..+,., wes 
.) By) far the impor sa tes "aes Wea 
engines .or, in ; range other than 
ena crankshaft pestle a) Sang te 

course, be reduced by the use,o mee 
ing with the trouble entails oth at “di eaien ges 
erable increase in the weight. of the engine,, 
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In the author’s opinion, as just stated, however, the loading on this bear- 
ing.can be dealt with by oe employment of roller bearings, or, perhaps, 
special sleeve types, or Michell bearings, 

It will be seen that the centrifugal load varies as the ‘square of. the 
speed, whereas the value of the load factor varies as the cube, so that. any 
reduction in the rubbing velocity by the use of floating bushes, for example, 
would be of considerable assistance quite apert ase their tendency to 
reduce toe) wear on the crankpin. 


TABLE 17: 


Bearrna Loapines anp Loap Facrons ror. Bic END axp Centre Journal Bearinos, 
(Stx Cyzinper Vertica, Enoines.) 











: Big End Bearing. (Centre Journal Bearing. 
Engine. R.P.M.| speed | Mean Load Mean. |. Load 
(Ft./Sec.)| average | factor average | Factor 
loading |(Ibe.ft.sec.)| loading .ft.zec.) 
(tbs.sq.in.) “| (ibe-eq- in?) 
150 H.P. Ricardo Tank ‘ 
‘Engine ws +o} 1200 1600 421 6330 400 6020 
230 H.P, a «+ 1400 1745 421 6070 805 12000 
260 -H.P. 8  ..| 1400 1654 440 6780 595 9040 
300 H.P. Maybach ..| 1400 | 1654 580 9200 163 11920 























Ue cae of sh Ba ie «form fo coke ieeporid in 


In addition to the loading ince solely by the sotntinty masses, the big- 
end bearing is also subjected to loading p Ros to the fluid and inertia pres- 
sures, The mean =~ pressure is approximately constant and -for the 
purpose of ing Se-eieat a5. bain eepeel. 36 SE genet 
inch See the total area of the pistons attached tothe 
multipli ‘a constant depending on the grouping o cylinders. ; 

of ee ee ee will vary in the different types 

f engines to the arrangement of the cylinders. 

© With regard to the permissible value of the load factor-for the big-end 
bearing, for continuous running, it is of interest to note Gildner in 

“ Desi and Construction of Internal Combustion Engines” gives 1,650 
pounds feet seconds as a maximum value “where very careful construction 
and perfect nag isassured.” -Gildner is, however, only re! 
to re ‘large slow speed engines, w: rather 
prevail ‘as rds lubrication and to engines! which afe required to run 
continuously for very 1 periods without overhaul. 


In view of 


ment regafding the 12-cylinder Vee Liberty aircraft engine, ‘The — 
Sete teen te on ee Aid, inertia ond centri rifugal. oe 


53 
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LIBERTY 12-CYLINDER VEE AIRCRAFT ENGINE. 


— loadings and load factors, 1,700 revolutions per minute, 


ig-end Bearing: j 
Nora rec Dadig Only crcl bass ERPS cope Ibs. sq. in. 366 
Total average loading: 26... 5.6 60..eceveee bvaxitatd Ibs. sq. in. 9... 642 
Rubbing velocity. 0... cj. cede os ee ee any eKrttedaihse ft./sec. 14.7 
Load factor (Total average loading) sasicb iris kk aie Ibs. ft. .sec. 13,500 
Center journal bearing: 
Total average loading. ...........ccacdeesseceececses Ibs. sq. in. 1,265 
Rubbing velodity pelea ec aut Rs TRS NGS sea Er .. ft./sec. 19.5 
Load factor.... 6.6. 0.608 005: Missa Sevan bie ewe Ibs, ft. sec, 24,670 
Intermediate journal bearings: z 
Total average loading... 62220 Neri eee tbs."sq. in. ~-~~700 
Rubbing. velocity, . 2.05.05 beds ced eee ce cs cetecseenus ft./sec. 19.5 
EDO TOT sg Soe Spee RINE eo ed oa Cv be Ibs. ft. sec. 13,650 
End journal bearing: 
Total average loading... .....0.3......... Jha ere Ibs. sq: in. 610 
Rubbing yeloeity er etrescawubes Masta CCLRC iA oh ss aoe ft./sec. 19.5 
POA TROUOE occ oo os 0 ick Shik cs Kaa held EK ke Ibs. ft. sec, 11,900 


From. the figures given for the Liberty engine, it would appear that.it 
is actually possible to employ a foad factor, as high as 24,000 pounds feet 
seconds continuously, provided that very: ample lubrication’ is ‘assured, 
together with an efficient system ‘of oil cooling, but there is little ‘doubt 
that with such a high value, wear will take place, and in order to reduce 
such wear-to-a minimum, it-would-be necessary to-employ very hard. steels 
for the crankshaft. It should-also be pointed out that in such high speed 
engines the wear’ on the crankpin is*very local. 

dt is interesting to note that the specific bearing pressure depends solely 
on the projected’ area of the bearing, whereas the load factor is influenced 
only by the length of the bearing. 

For example, take the case of the center journal. bearing of the Liberty 
aircraft engine: when running at 1,700 revolutions per’ minute. 


Diameter »of ‘journal... 2.:....545.3 poled. ¢ ==2.625.inches, 

Effective length journal bearing..... ..- + == 1.75: inches, |, 

Projected ‘area... ...is.eei eu veul. saeeae eee == 4.59 square inches.. 

Total: average loading... 2. ici.0..0iss cece = 5,810 pounds,’ 

Mean average foading (5;810/4.59) .. 5... = 1,265 pounds square inches. 
Rubbing velocity... ...02... ce... dew cen oe =19.5. feet/seconds.. , 

Load factor (1,265 K: 19.5)... se cbsseevues == 24,700 pounds feet seconds. 


Assume diameter of 'the crankshaft: to be increased from. 2.625. inches 
to 3.00:inches; 


Projected area of bearing. ...6... 00800000. SS = 5.25 square inches, nied 
Mean. agg odin (5, 8310/5. D5 )sisicsr eave == 1,110 pounds square inches. 
Rubbifig: velocity... 6.0). .4... siRan sl niniase4 3 == 22.3 feet/seconds. ... | 
Load factor (4.410 SSBB) his bes cis des» == 24,700 pounds feet seconds. 


ie., any increase in shaft diameter is neutralized by the increase in. the 
rubbing velocity. 
T. now the diameter of the crankshaft. as in the first Hy Aba, 


2.625, i and. lengthening the bearing from 1.75 inches to 2:25. inches. 
Projected area of bearing (2.625 X 2:25)... ==5,9 squarejitiches. ..... 
-Mean vines adm (5,810/5.9)....+4 .as+-==985 pounds square inches. 
Rubbing velocity, 66. .0066c cc ecceseee ened == 19.5 feet/seconds. 

las a faahop (985 19.5)... is tues vee LL, 19,200 pounds feet seconds. 


e limit type engine, the straight six, with atv allowable increase 
= "ope of 50 per cent, the weight comes out approximately the same as 
e ra 








ews 
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The ‘loading factor of the big-end: in. the ‘radial. may be reduced either 
by giving the cylinders am opposite rotation to the crankshaft,.as, in; the 
differential, thus making possible-an increase of speed of about 20: per cent, 
or by the adoption of special bearings, or other means not yet known, » ; 

New: mechanical ,arrangements, of : cylinders, such as. that employed in 
the swashplate type, may give advantages. in this respect, though they will 
undoubtedly set. up. many, other mechanical problems. that will .take time 
to: solve satisfactorily. ‘ ; 

With .regard to valve gear, high volumetric. efficiency ;involves the) use 
of ample valve area, and large valves give rise to trouble in their operation 
at high speeds. In stationary ‘vertical: and: Vee type engines the weights 
of. reciprocating, parts: of .the valve gear: may, be) reduced, by. the use) of 
overhead: camshafts:operating directly on::the: ends of) the valve. spindle 
as-in the Hispano-Suiza design. zobn 

In radial engines the valves must be operated by cams at a considerable 
distance from’ the cylinder heads. «It is obvious that for the higher speeds 
the weight must be still further cut down; the shock of reversal and 
infinite acceleration due’ to‘ over clearance ‘are further ‘difficulties; ‘uni- 
stressed gears, 4.¢., always stressed’ ‘in -one direction; ‘and the ‘use of ‘¢en- 
trifugal force reduce weight and obviate the use of héavy ‘Springs.’ If the 
cylinders ate made to rotate at a> comparatively low speed; 'a light tefision 
valve ‘gear stressed always inone direction by’ centrifugal ‘force ‘may’ be 
employed and with practically no valve springs, 3 pitty est 

Ag'an example, let us take the two cases of an engine 6.00‘inch' bore “and 
700-inch’ stroke running at 1/500’‘revolutions ‘per mifiuté’’and ‘2,500 fevo- 
lutions per minute. We ‘will assume ‘that’ we‘ wish ' to’ employ’ a ‘mean’ gas 
velocity of 150 feet per second in both cases. ce ac 

Let 4 = Area piston, square inches. 

K= Piston speed; feet seconds. 
d =Diam. valve: port, inches, ; fs 
h =Lift of valve, inches. - ‘ 
We will fucther assume that the area through the valve (a) is equal to 
@=3.14 dh (square inches). 
Then for the required gas velocity 
Pc ekay Pap (square inches), me 
ving for the two engine ‘we have 
Ries cee sii iaaieeiaeeibiai ) 
25.5 squareiinches at: 1,500°revolutions' per minute: 
(2) a==88.3 X 48,6/150. 
9.16 = inches at 2,500 revolutions per minute. 

This ‘means that for 1,500 revolutions per minute we shall require four 
valves 1.87 inches diameter and for 2,500 revolutions pér minute four valves 
2.42 inches diameter. ; neat 

The. relative weights of the valves will be as 

1.87° 7 2.42? 
== 6.55 - : 42 
=1 : 
and the required lift (h) 
h=0.4675 jrich ©‘: 0.605 inch 
“SS : 129 

The-difficuity of operating the valve*gear-of- an engine” of this size at 
such a high speed is at once apparent from the above figures. 

Apart from other limiting factors it is also obvious that a limit. will 
eventually’ be reached: ‘when the revolation ‘speed’ is ‘such that the ‘con- 
necting rod will fail in bending due to its own inertia, © ©” aed 


t 
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With’ regard to the: rate of heat flow, the advantage undoubtedly. lies 
with: the small cylinder both as regards the uncooled parts of the engine, 
such aut pistons, valves, plugs, etc.; and also in the relative size of radiator - 
required, 

nstead‘of poppet valves involving rapid reversal of:direction of motion, 
rotating ‘valves constantly moving in one ‘direction may be employed, for 
example, ‘sleeve valves. This type, with an additional: reciprocating motion, 
was used in the Argyll engine which competed in the aeroplane engine 
trials in 1914; but very little has’ been done since, and knowledge ‘as to its 
probable behavior for aero work is ‘lacking. 

Considerable experiment would probably be required to attain successful 
results, ‘The fundamental difficulty seems to be that of cooling, particu= 
ct auc the heat through the oil film between the sleeve and the 
cylinder. 


CYLINDERS. 


In the consideration .as to the trend .of cylinder design in.the direction 
of .either. water, or: air-cooling, the tests.carried out at Farnborough will 
have ga very. complete. bearing. 

This, research is. of the greatest..value in connection with the develop- 
ment, of the radial engine, both. with fixed.and. rotating .cylinders, and 
has definitely established that, with, suitable..materials and design, mean 
effective pressures can be obtained in air-cooled engines nearly as high as 
those which have-been obtained with -water-cooling, and with consump- 
tions.reduced to a. figure approaching the best hitherto obtained in water- 
cooled engines. — 

Experience with the R.A.F. 4 D cylinder, and modified cylinders, led:to 
the design of the 21 T.D. cylinder, and later the smaller 22 T.W. cylinder. 
Both have aluminum heads cast on to steel barrels. These. cylinders were 
very successful, as will be seen from the particulars given in Table 18, 
which gives their performance arranged as single cylinder units. 


TABLE 18, 
Resutts or Tests on Air Cootep CyLINDERS. 





Type of Cylinder. . Dragonfly’ RAE, 21: | R.A, 22 | RAE. 22 
Mk. 1. .| TD. T.W. TW. 





Bore of Cylinder. |Inches. | 6.6|. 6.5), 55) 651 45) 46) 45) 46), 
Stroke of Piston. |Inches, | 6.6| 66) 651 65) 61, 6|.. 6), 6 
Revs, per Minute | R.P.M. | 1450 | 1650 | 1450'| 1650 | 1800 | 2000 | 1800 | 2000 
Brake Horse Power | B.H.P. | 31.4| 34.0 | 36.0 | 39;7 | 29.0 |31.08'| 28.9 | 32.35, 


Brake Mean B.M.E. | 110.2'} 108.1 | 127.0 } 123.0 | 133.9 | 128.8 | 133-6 | 134.0 
Pressure P. 5 
Fuel Consumption Lbs. | 0.722 | 0.793 | 0.518 | 0:537 | 0.430 | 0.535 | 0.468 | 0.477 
B.H.P. j 
Hr. : ; 
Weight of Cylinder | Lbs. | 24.26 | 24.25 | 26.88 |26.88 | 18.4 | 18.4 | 18.4184 
Compression Ratio R. 46) 46) 5.0 6.0 |. 5.1 6.1 6.6.) 5.5 
































">? 


The results of these experiments, which were, carried.out ini the sailiee 
stages by Dr. A. H. Gibson_and later by, Major G,. H.: Norman, are.of 
the greatest value. Norman’s conclusions as to the present position of . 
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development of ‘the air-cooled engine without taking account).of future 

—— are stated as follows. That: an air-cooled engine can be 
ti ‘ 
(1): Having a‘B.M.E.P. of 120 pounds per square inch on the complete 


engine. ; 
(2) Of weight'not more than 2 pounds per B.H.P. tit 
+'() peace of standing’ full load under the same conditions as a water- 
C00) ine: 
(4) i a fuel consumption not exceeding, 0.55) pound per B;H.P. 
ur. , 


TWO-CYCLE ENGINES. 


Though the two-cycle engine has always had a great attraction, par- 
ticularly to the non-technical, it has never made much progress for aero 
engine work. No doubt the fact that it had twice the number of working 
strokes of the engine ordinarily used, the four-stroke, was the reason of 
this. It was further dippdeed to be simpler. In these comparisons. the 
a pumps with their yalves were somewhat oveflooked, but’ the 
real difficulty and the one to, keep the caging out of use was its low fuel 
economy, and the difficulties, of get rid of the extra heat. ‘gare 

The charging of, the working cylinder with mixture was the main’ cause. 
Some of it escaped, and some inert gas remained in the cylinder. to heat up 
the rest, reduce its efficiency and render it more liable to pre-ignition. 
Proper scavenging at high speed is extremely difficult. < 

The advent of the direct injection method has ‘greatly changed this’ situ- 
ation, and there now seem much greater possibilities ofthe two-cycle com- 
ing, into use for aero work, and probably land transport as well. ° '” 

‘he direct injection method of Akroyd Stuart of supplying fuel to the 
engine cylinder has realized its present efficiency thr its. development 
in the Diesel and high compression oil engines, and it is dealt with ¢lse- 
where. By its use the engine cylinder can now bé scavenged by air 
alone, the fuel being injected direct in the constant yolume cycle, just as 
the ports are closing or immediately after, Thus the old fundamental 
trouble of escape of mixture is overcome. At the present time the two- 
cycle principle is in use in Diesel and high compression engines, ; 

For aero, work when es port area is es , piston. type valves’ are 
most likely to be employed. This type of valve with its regular action 
and low acceleration stresses allows of high speeds, we may get a 
ee meeatene running at higher speeds than a poppet valve four-cycle 
with, satety, ek = 

With regard to the increase of power, it would not be safe to count 
on more than 50 per cent over that of a four-cycle of equivalent cylinder 
capacity,, ne ee | 

This means that 50 per cent of additional heat has to be. dissipated in 
the same time. Hence, in the first development water-cooling is likely to 
be adopted, though ultimately it may be possible to use. air. gi 

The scavenging and charging of the cylinder may be cartied, out by 
turbo-blowers worked from the exhaust pressure.as in the forced: induc- 
tion trials on the four-cycle, 
_ Economy of fuel wil! not. be so, good as with the four-cycle in the first 
instance, still 0.6 pound should be achieved, and with the reduction in 
weight that will be possible, should, for fights under three hours, make 
the type quite suitable. The loadings on big-end will be., in, effect, 


‘worse, hence some compensating device may be necessary if| the 
psubaalg hyena er " Pease Y case bes sig 
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For. civil aviation at ‘present, only well-known and tried types are likely 
to be’ etployed)°and the ‘choice of practicable engines at the::moment 
appears to be between the simple six-cylinder in line, multicylinder: Vee 
and! doable ‘Vee engines, though the first:must reduce its:weight ratio) by 
raising the rotational speed, when the difficult problem of gear reduction 
to allow efficient propeller speed! will) come: in: Inthe author’s view, 
these’ate’ the ‘types’ at the moment whose reliability renders ‘them suitable 
for commercial work; civil aviation will ultimately::depend for success 
on the development’ in’ performance: and reliability: of lighter types which 
have been discussed. 

With regard to metallurgical development, the possibilities of improve- 
ment are mainly in change in the materials of construction. ; 

During the war, higher and higher value steels were brought out by the 
metallurgists, allowing stresses to be put, up_and weight of parts cut down. 
Also ‘the use of aluminum alloys reduced the weight of cast parts, as the 
pistons, crank cases, etc,, and greatly improved the conductivity of ‘heat- 


carrying. parts. 

Thus the advance went on parallel lines, the higher value steel allowed 
higher speeds, while the greater rate of. heat flow was met by the use of 
aluminum... bi, age 

There is no, doubt that progress will continue in these ways from the 
further improvement of the materials. Possibly there may be mote radical 
changes, the substitution of a metal of low specific gravity for steel. 

. The table of specific gravities already shown is interesting. The German 
alloy electron has a specific gravity of 1.8, but is not included in the Table. 

For airship. service engines are required to run continuously for long 
periods, and for these long runs weight of fuel and oil becomes of con- 
siderable’ importance as compared with engine weight. Further, since 
non-stop runs of 100 hours or more must be contemplated, the reliability 
of the motor must be of a high. order. iy ' 

Accessibility, is also, deemed ‘essential to enable examination and adjust- 
anes and replacement of parts in flight and to enable minor repairs to be 
made, kgs re ; 

At present the engines which have been. employed are very similar to the 
ordinary vertical and Vee type aeroplane engines, 

Theré is undoubtedly. room .for considerable advance in engines, for 
airships without departing from the four-stroke cycle and by adopting 
modifications of the cycle by which increased economy can be Obtained. 
The method of stratification described would appear to be particularly 
suitable -for employment, owing to its very high economy, particularly 
in casés, common in airship work, where only a part of the full power is 
required for long periods. -The great advantage of economy will be 
apparent from an example; taking an engine of 300 H.P., with weight 
1,500 pounds and consumption 0.5° pound per B.H.P. hour. " For ‘a 100 
hours’ run. the fuel required would be 15,000 pounds, or ten times: the 
engine weight.. A reduction of fuel consumption to 0.45 pound would 
reduce the ‘weight of fuel by 1,500 pounds, so that double the engine 
weight would be allowed. Consumption considerably lower than this.can 
be, attained, namely, in the region of 0.4 pound per B.H-P. hour. LAS 

In the high compression direct injection method with a fuel consumption 
_ of.0.4 pound per B.H.P. hour the consumption would be 3,000 pounds 

less, This type will, howéver, requite to be made lighter, possibly of the 
opposed piston form, before it can compete with the most economical 
forms of the constant’ yolame cnet for aero. work. | é iy 

Many proposals have been made for the use of steam turbines for aero 
work, but steam turbine ‘efficiencies can by no ‘mearis compete with those 
obtainable by the internal combustion method, as indicated in’ an ‘earlier 
lecture, particularly in units of the low power output required. 
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The feature’ of being able to’ use) ctude oif is a valuable one, but~can 
bé‘séeurédby the use of high compression “internal combustion engines 


‘with’ greatly reduced’ fuel ‘consumption, 


There’ ate wtidoubtedly future’ possibilities in the application : of: the 
ee combustion ‘turbine ‘to ‘aero”work,' but ‘the ‘gas turbine’ for ‘any 
Sis°in'a very immature’stage of? development, and consideration 

Of its ‘relative advantages would seent ‘to be prémature. 

In view of the attention which it is hoped will be directed to com- 
mercial aviation, it.may be of interest'to consider the effect of the weight 
of the engine on the carrying, capacity of a given machine. It will, of 
course, be obvious that for short flights where little fuel has to be -earried 
and the weight of fuel is small relatively to the weight of the en; ine, the 
use of ah engine of low weight per horsepower is of fundamenta impor- 
tance, and econdémy is ‘comparatively “unimportant. It “is also obvious 
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that for ‘sicig ahs where the the W sti of. tu to ba ried, yo 
large, se to the et ne Dae t es is of less 
importance, than econo nor fuel and - ibe a is yery clearly 
shown-by the « curves, figure 19, which in the abs mbit represent hours, run 
and the ordinates weight of engine and fuel per horsepower in pounds. 
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The performances of a numberof different. engines are shown, and the 
heavier early, German engines: are-compared, with. the light Gnome. .engine. 
It will be seen that for runs of anything over three hours, the aver 

German engine has the advantage, while below three hours run the. light 
engine gives an undoubted saving in. weight and consequent greater carrying 
capacity, and would, therefore, seem a better commercial proposition... .As 
an example of the commercial importance of a Jow. weight, engine; ,we may 











TABLE 19, 
Lonpow-Pakis SERVICE. 
Type of Engine. | a { b BORE 
Brake Horse’ Power of B.H.P. 600° ; 500 500 
Engine ; 
Weight per B.H.P. Lbs. 1.5. 2.5 3.5 
Fuel and Oil Consumption~! ~ Lbs. 0.6 0.5 0.45 
per B.H.P. Hour : 
Weight of Power Unit, | ~ Lbs. 1500 1875 2312 
Fuel, and Oil for 2} hr. 
Weight of 5 Passengers at’ | “Lbs: | 800 800 800 
160tbs. each 
Weight of Power Unit,5)| Lbs. | 2300” 2675 3112 
Passengers, Fuel and 
Oil for 24 hours ‘ 
Saving of Weight based.on-|.. Lbs. 812 437 Nil. 
Engine ‘‘C’’ f 
Number of Passengers 5 3 Nil. 
Equivalent to Saving 
of Weight P \ 
Total Number of Passengers 10. \ 8 5 
that could be carried 
Total Earnings at £10 10s. £5250 £4200 £2625 
per Passenger for 50 
Flights 
Running Time Allowed Hours 60 100 150 
between Overhauls age 
Total Running Time for Hours | 125 : 126 125 
50 Flights i 
Number of Overhauls 2.5 1.25 , 9.83 
Cost of Upkeep and Re- £126 0 0 £6210. 0 £41 13 0 
placements assuming : 
£50 per Overhaul 
Cost of Fuel at 4/- per £1000 0 0 £833 6. 8 £750 0 9 
Gallon for 50 Flights : 
Total Cost for 50 Flights £11250 £89516 8 £791 13 0 
Nett Earnings for 50 Flight £41256. 0 Q' | £3304 3 4 | £1833 7 0 














consider a flight of 234 hours, such as that required in the Paris service, 
which may fairly be taken as typical of the length of stage which will be 
required in commercial aviation. . This’ length of flight would seem to be 
the most usual in charge of a single Duet. . 

Ass power units of 500 B.H.P. with weights per B.H.P, 1.5, 2.5, 


and 3.5 pounds, ‘with fuel and oil consumptions Of 0.6, 0.5, atid 0.45 
eet the weight of’ power unit and ‘fuel ‘in the ‘three’ ‘cases 
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(a): 1,500. pounds: (>) 1,875. .pounds. . (c) ais pounds: With’ ‘the 
lightest engine: (a); therefore, the saving in weight would be 812: pounds 
equivalent to five passengers, and with the medium weight engine, 437 
pounds, equivalent to three passengers. 

The earnings of fifty ri gag flights at ten guineas per passenger 
are given - the — Table. 

It will be seen from Table 19, that the total net earnings in the case of 
the lightest: engine will be £4,125, in the case of the medium engine: £3,304 

$s. 4d.j and in‘ the. case of the heavy: engine £1,833. 7s. 

















TABLE 20." 
Averace Number or Hovks Run Berween Overnauts. 
| Horse. Total number Total number |Average of — 
“Make of Engine: | Power, of ‘Engines. | ‘of hoursrun,’ | hours run. . 
‘Le Rhone fom 100) 5407.4 54.1 
Clerget jae lee 1507.4 15.1 
ben R.1,. 160; 26 ig TBAt 29.5 
4 160, 35 1685.0 » 48.1 
Hoan nis (Delaunay Bellev ille) 200 25, 1037.5 415 
Hispano-Suiza (Peugeot) 200,.; 100 3864.6 38.8 
Hispano-Suiza (Mayen) h 200° | 84 2492.2 | 99.7 
Hispano-8v oe (Viper) 200 | 100 5466.2 54.6 
Hispano-Suiza, English’ .. Je) 200° "ot 9B 3449.5: $7.0 
© Rolls Royce: (Early Engines) 275) fx 9200 6136;3 61.3 
, (| Boll: Royce (Later Engines): 215 | 50 $161.6 103.2 
TABLE 21. 


| Rutative Varvz or Max Hovrs Requieed Comprerery 10 © 


OVERHAUL AN ENGINE. 
iB 














Horse ‘ Rel. Value 
, 120. | Beardmore Sa | Vertical 1.5 
» ,160.,| Beardmore de onl Mentical |). 1.6 
90 R.A.Fila ee we a Vee 1.0 
140 | RAPF4a 2.00 .. +s] Vee 15 
bis ‘200 | Hispano “Viper” ‘.+| Veo ‘}. 2.0 
, 266.,.| Rolls Royce ‘'Falcon’’..| Vee ida. BO 
350..| Rolls Royce ‘Bagle" - « +} Veo ito 9c) Sea 
1400.0] Liberty = .. ++} Vee 2.0 
8 86 Le Rhone. . ..| Rotary ~ 0.8 
110 | Le Rhone -| Rotary 0.5 
; (100... | Mono Gnome <a .-| Rotary. «1.0 
7.180: | Clerget.. . ase +«| Rotary; va Nakd 
200 | B.R.2 ii ia «| Rotary rein & uy 
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The edrnings: for a‘ given carrying capacity, it will:be' noted, are very 
large in propottion. to any fuel costs likely to be ‘incurred’ even in: th 
most. wasteful of engines as regards consumption. vps 
In this calculation, no account has: been taken’ of the initial: cost, .as this 
is. independent: of: type, and “with greater: development ‘may ‘well “be. in 
favor of the lighter engine. The provision and maintenance''of' a given 
number of engines: in working’ order: is allowed for in the “renewals ‘and 
replacement -item. These figures: very: clearly show that’ for flights,' such 
as those required on. the London-Paris ‘services, light weight per: H)P..4s 
‘of the first importance. : 
It has been assumed that the consumption in the light weight engine is 
very much greater than that in the heavier engine. With further develop- 
ment of the lightéf ‘types this is by no means necessary, and improvements 
wer consumption- would obviously-inerease the balance in-favor of ight 
weight. 
€ above tablet numbers 20 and 21,, have been compiled: by. Lieut.-Col. 
L. F. R. Fell, D.S.0., from the records of the engine repair. shops ofthe 
Royal, Air Force in France, and are ‘included on account of their) great 
interest. Table ‘20: is a summary showing the average number ofhours 
run between overhauls of various engiffes under active service conditions. 
It is of particular interest in that the figsres for the 200 horsepower’ His- 
pano-Stiza indicate very clearly the effect of manufacture on the “same 
type of engine. ‘In the case of the Rolls Royce, two. independent batches 
and averages haye been taken, With, regard to. Table 2i,. showing ,the 
relative value of the man-hours required completely to. oyerhaul, the short 
(period, of time necessary for the simple: type. radial. as: 'seen:in the: casei of 
pod Rhone ‘engines should be noted.—“ Journal of' the. Royal Society, 
of Arts.” © 


RECENT, PROGRESS.,IN, LARGE) DIESEL .ENGINES, FOR, THE 
MERCANTILE MARINE. 


enn FAMERS: Ricitarnson;—B.Ge;--Asso: Milne C1, orem 


Prior,.to the; war, withthe exception of°a' ‘few! four-stroke cycle, engines 
of relatively small power, little real progress was made in the application 
of Diesel engines to ships in the mercantile marine. 

During the years 1914-19, however, a steady ‘and’ ‘consistent’ policy of 
development took place; naturally, under the circumstances, maitily con- 
fined to ‘néutral countries. «The four-stroke cycle single-acting, ‘crosshead 
type of engine, with forced lubrication, went throug. progess of gradual 
evolution, . There was no radical change either in thetmodynamical.theory, - 
in practical application, or in the metals and materials used; the éfficiency, 
moreover, temained almost constant. “With increasing ‘power and growing 
experience; the cylinder méan’ effective':pressure’ considered desirable. for 
continuous<running was gradwally reduced from 85 pounds to 75:pounds 
per square, inch on a brake, horsepower basis. A number of ships were 
engined with two-stroke cycle Diesel machinery, but. the Progress made 
was less definite and less convincing. , cpa isd 

From 1912 to the present time, the horsepowér' ‘per’ single cylinder has 
risen by sinall steps from little more than 100 B.H.P..to over 300 B.HLP., 
and, with multiplication eh epindiess, a maximym power of approximately 
4.800 B.H.P. (with 16 cylinders on twin screws) per ship can be obtained 
with machinery..of-proved-design.-----.—- wneeeneoneaen one 


on 











a 


NOTES. ° 797 


Since the war, conditions the world over, in-all spheres of activity, have 
been unique. Difficulties with all classes of labor ashore and afloat, in- 
creased. transporting forage now available for liquid-fuels, and the recent 
substantial fall in -price; have compelled attention to the subject of the 
substitution. of oil for coal..The economic advances,.under present condi- 
tions, of the liquid- over.the solid combustible-for power genefation, have 
been quickly and generally ‘realized... - “eg 

The Diesel oil engine utilizes oil fuel with an economy far exceeding 
that of all other: prime movers,-and the total savings due to the adoption 
of the principle of internal combustion are even greater than is solely 
consequent upon the. much lower consumption of fuel_of from one-third 
to one-fifth of that. required. for equally powered steamers, Since, apart 
from fuel costs, there are a number of other important gains. 

All. shipowners. are now, at. least,..giving.close attention to the merits 
of this system of propulsion; and. construction. is advancing. . The gross 
tonnage, of ships..to.be. equipped -with. Diesel machinery launched in 1913 
was 60,000 tons. .In..1919 the figure was-85,000, in 1920, 189,977, whereas 
building last year there were 454,502 tons of Diesel-driven ships, or over 
7% per cent of the ‘world’s total under constrtiction. In the light of the 
past ten years experience, the statement. will not be denied that the Diesel 
engine has proved an-efficient, reliable and thoroughly seaworthy prime 
mover, suitable for a large proportion of the total sea-borne tonnage. In 
1920, of 364 ships launched of more. that 2,000 gross tons each, 350, or 96 
per cent of-the total number, -required Jess than~5,500°1.H.P. of machinery 
per ship. In numbers 96 per cent, and ini tonnage 88 pér cent, come thus 
within the scope of the oil engine, so-far as total horsepower is concerned. 

The principles underlying the operation of internal-combustion machinery 
are now becoming more widely understood, at least so°“far as the simple 
applications are concerned, making easier. the path:of the advocate of 
this form of prime mover. : 

The technical pride of the engineer, and the.desire on the part of the 
shipowner for greater economy with the larger type ef ships, such as 
intermediate liners,; will not allow: the problem: to remain long unsolved 
for powers higher than 4,800 B.H.P. per ship. In the near: future the 
maximum power with oil engines will increase. This-problem is being 
attacked in this country, and the large variety of types under construction 
here indicates an enterprising and progressive policy of determined trial, 
in contrast with the apathy with which British engineers were charged 
before the war, ay 

The rival claims of..some-of these various systems aapes in the 
table have yet to be fully sifted in the light of practical sea-going 
experience. It is most probable, however, that a considerable time will 
elapse before development and _ increased -application will enable a sub- 
stantially higher plane of performance and efficiency to be reached, when 
the issue between the various types will become narrowed down. It is 
hoped that the results of sea-going experience will be freely disseminated 
and that the policy of secrecy, which is to: be condemned and which, at 
least in its initial stages, particularly characterized this movement, will 
not be pursued. The power which. various types of engines can con- 
sistently and continuously sustain at sea is more particularly-a agp in 
question, about» which little information can generally be gleaned, — 

The maximum power which can be obtained from a given cylinder 
depends primarily on the limits of heat transfer from the working fluid 
through the metal surrounding the combustion space to the cooling 
medium. Attention is directed to the last column in the table indicating 
this quantity conveniently expressed: in terms of pounds of fuel per. square 


inch of piston area, showing the. divergence in published ratings in this | 
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respect, although itis: suggested’ by the author that the*results’ in ‘practice, 
so far, do not differ so widely, and: that t alt use and rate’ of heat 
transfer continuously and’: successfully achi are ‘much nearer the 
lower than the higher figure. The application of metallurgical research 
and improved: methods of sconstruction’ are the paths being traversed 
towards the higher results desired. 

Another basis of comparison ‘concerns the qualities of fuel which 
various types, of engines can cqnsume economically in respect of the 
amount: of attention’ to be given’ to the running parts: The types» of fuel 
oils now running on the market are: showing ‘a ‘tendency to deteriorate 
in :quality,. increasing in viscosity, and decreasing in calorific value, so 
that the engine designer, constructor and ‘operator’ must continue ‘to 
study: their efficient utilization. 

Various designs: and ‘types of engines; whether working on the ‘two 
or four-stroke cycle principle, single or double-acting, or utilizing one or 
other. of the alternative systems of* fuel feeding, will, therefore, be 
judged largely on the capacity’ 'to ‘burn ‘satisfactorily and economically 
various: qualities: :of: oi! fuel, including lower grade® oils, with minimum 
attention ahd upkeep costs on a basis of horsepower map rmsm: devel- 
oped at sea.—‘ Engineering,” July '22; 1921: 


ADVANTAGES OF THE DIESEL-ELECTRIC DRIVE APPLIED TO 
MARINE PROPULSION. 


To the: Editor of “Motorship” : : 
-In.a-recent paper (by Messrs: J. Fi: Metten and J..C; Shaw) which has 
attracted considerable attention, the Diesel-Electric Drive System was 
referred: :to)'in rather unfavorable: terms) \ Like the majority of other 
questions; there are two sides to it, andthe ship-owner who contemplates 
the use of Diesel engines—and there» are ‘very many’ who are always 
in the van -of: progress, seriously taking thought’ of ‘the morrow—should 
and -would: carefully consider the factors ‘before making a decision. 

In the selection* of the motive ‘power for any bo ag various factors 
enter »irito: the : problem, «in about the following order: 

ist. “First ‘cost. 

oa re ge for the required type of ship. 

‘Space and weight occupied. 

ye Cost’ of operation: 

“5th. Reliability. 

6th. “Life of the installation. 


If. it -were possible.to. assign numerical values to. each of the pros. iand 
cons affecting each of the factors it would then be possible to arrive:at 
a definite conclusion free from. prejudice and opinion, But unfortunately 
these. factors. cannot. be so valued.  axprating where. certain: definite propo- 


Sitions are, put up,. one, ba an Haag other, and.-where actual experience © 


and are, available. . It. is tobe regretted that at) the present. time 
caffcient 


t experience. is bok inelante, so the problem:reduces itself.to a 

Somnaritatts af actual..bids. and. guarantees, together .with..the exercise .of 

co aoe ids ad guaran and common see foward aty factors not covered 
5 

“ th the data and parte ‘that has. been obtained the. following state- 

ae may be made relative to the several factors. 
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First..Cost.-The» most’ direct: answer to ‘this. question :is: to ‘get bids 
from ‘the builders of ‘the direct-drive and the electric-drive systems: * The 
New London Ship and Engine Company, whilst ready to bid and build on 
both..systems, has worked .in conjunction with manufacturers of electri¢ 
equipment and is prepared to. make bids: on ‘the: complete’ electric-drive 
system. Its estimates and experience to date indicate a slightly cheaper 
first cost for the-electric drive installation,: There are two: reasotis 'con- 
tributing to the above! result, one of which is that the total weight of such 
an, installation. is\ less,;,and. consequently: the cost of material is less, and 
the. other is that,both. the engines and electrical machinery are standard; 
and .so, can be manufactured in quantity, thus taking advantage of the 
well-known saving due: to, mass, production. » 

A further reason is that it is not necessary for the auxiliary generating 
units in the Electric-Drive’ installation to be so ‘numerous or ‘so ‘large 
as in. the case: of the :direct-drive, for: when handling cargo; ' assuming 
electric, power is ‘utilized as.is the case of: practically ‘all: Diesel installations; 
one unit of, the..main, engine is used, efficiently and: economicaily,! while 
one, two, or .three. auxiliary. units of fairly ‘large capacity’ are) required 
for, this, work, when the. main, engines are: direct-cotmected, ‘Add: to: ‘this 
that the provision made for supplying maneuvering air and its storage for 
this type is greatly in excess of that required for starting purposes only 
of the other type, and that this costs money, it can be readily seen that 
the cost of main propelling machinery for electric drive includes a large 
part of the cost of the auxiliary machinery, which is not so included in 
the first cost of a direct drive proposition. 

Suttability ‘of the Machinery for the Required ae of Smp.—The type 
of ship depends in many) icases‘ion’| the: individual preference of ship- 
owners, based for the most part on practical experience. A single-screw 
ship is considered essential by tnany, partly forthe sake of higher propeller 
efficiency, partly because :shipbuilders construct this type more ‘cheaply 
than that with twin screws,’ partly to enable. decent :afterbody ‘lines: 'to 
be. obtained: with machinery! placed aft, and partly ‘to’ prevent, so’ far as 
possible, damage. to propellers when coming alongside. ‘The electric drive 
is. ideal for any. or, all of the above. considerations, as the main engines 
may ‘be arranged ..without! much regard to: position so: long as they '‘are 
in. the .machinery. space, and thus the! lines may still be ‘fine: without the 
machinery, space {being too -far .forward.:).Single screws can be used 
without sacrificing the ,advantage of, having: two, at least, similar ‘sets 
of main engines. Fortunately these same advantages can, be.obtained when 
the electric-drive system is installed amidships: At the, present | time 
there are many shipowners who would not consider. Diesel propulsion, 
reliable though it has proved to be, unless the vessel had more, than: one 
set of machinery capable of operating the propeller. Furthermore, there 
are very few single-screw installations of the power required for ships 
of 5,000 tons and above, and for this class once again the electric drive 
is ideal; as it has practically ‘no limitations as regards power ‘with ‘single 
screws, Lm daria , 

Space and Weight-The slow-speed” direct-drive' engine is exceedingly 
heavy—over 400 pounds per ‘horsepower: °Its’ over-all’ dimensions ‘are 
necessarily large. ‘Therefore @ correspondingly large’ space’ ‘must’ be 
devoted to it.» The Electric-Drive System, ‘being divided ‘into a number 
of ‘smaller anits; catt utilize spaces not available for the larger’ engine. 
The greater the amount’ of power’ ‘required, the greater this ‘advant 
shows up. “(Weights of the 10 leaditig Ametican slow-speed Diesel engines 
were given on page 293, April issue, and they ‘average 339 pounds ‘per 
brake HiP:—Editor.} spe udenp vitality is és 
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Cost of Operation.—This includes many things. It is not only fuel, 
lubricating oils, and attendance, but in a broad way includes depreciation, 
repairs, maneuverin; be ability and: reliability. An accident, or a long time 
under repairs would add enormously. to the cost, and make a big hole in 
ped profits at the. end of a year, Many of these factors are: so great 

t they would completely absorb a slight difference, say 15 per cent:in 
be fuel bill. There is.a tendency to over-evaluate the: advantage that 
exists between a fuel consumption of 0.42 and 0,45. pound per B.H.P.-hour, 
and undervalue. the claims of simplicity, ease of repairs,and possibility of 
obtaining any casting or part in the majority of comparatively small 
engineering establishments in ‘any of the world. Apart from these 
considerations, with the, smaller . electric-drive’ engines,; all‘ identical, the 
outfit, of, spare parts: will not be much larger than that required for one 
engine, so that it is. feasible to carry.every conceivable part so, that, every 
conceivable emergency may be met, without actually carrying so much 
weight on board compared with the direct-drive larger engine supplied 
with normal epere part equipment that only touches the high spots, so to 
speak,' of possible’ réplacements!.’ | 

Repairs to the large: direct-drive engine, when they “bait necessary, 
are often expensive and should an accident occur in a foreign port and 
the ecessary spare ‘parts not be carried on board, the resulting: delay 
might, well, run, into months, while the electric-drive installation with a 
similar accident will always be able to. make the repair and. still operate 
or, if beyond available resources, can still return to the homé port, limping, 
it is wre but: getting there 

To, date there, have rast many. types of direct-driven Diesel eng ines 
put into, service, but only a few have made reputations. The. failures 
were. mostly experimental in nature, the products of over-enthusiasm and 
misplaced confi sueersere © are the npspeacts it of conservatism and 
care. The design was exceedingly heavy with few if any. unt agin 
and... the, opacat pig unaige? “hal were carefully trained by the builc 
is, to. over of mod difficulties that the electric-drive. is propose 
The engines; being of erate weight, moderate speed, and simple in the 
extreme, should not require a very highly specialized, or numerous .per- 
sonnel, One engineer and one oiler, can give all the attention necessary 
* an entire group.of engines, and. the electrician, usually carried in, Diesel- 

_ Ships, attends to any, electrical upkeep necessary 

e question of reliability is so. closely connected a with ere of ae 

tion..that it. has been fairly ‘well co arrest in the preceding 
pl sie The, great reliability of Diesel-Electric_ Drive comes | 
faa ‘principal . elements, to-wit, the inherent. reliability, flexibility 
smoothness of performance of electric motors ; and from the iy ad 
ae to; multiple unitss, 
—So far as can’ now be, told, dere stibula he: bo 
appreciable d Ma the life of the two aN ign ee wear that will 
place has two ca AZ, 2° pressu 

pi Boy Sg gt ‘the Die Eee aay be, Hed to eadints 

remain about ime es panne) aM ae AR aaa: 1. PO Hopam, heterraate M8 
si sian, wh limits, : 

The ideal et eaiiiies engine: wou would be a machine \ iS ete 


an Papel wi ina box, with rojecting, so tha 
ont maneuver a. and conte um wader pen 
veers rane bey for ef it pub be 
orisiad boing _ vo ek ei. flee | Ma iod 1 pot 
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is solved. Such an’ ideal machine ‘is «nat yet in existence, but the Diesel- 
Electric Drive is a stepin ‘that direction and is considerably nearer \the 
goal than the direct-drive especially for powers of the order: required 
for passenger and ‘large freight vessels. 

It) is fitting that the firm which originated: electric-drive ‘also ‘has the 
longest experience of Diesel-engine direct-drive in the United: States, ‘so 
that it can look upon the question quite dispassionately due to its experience 
of both typés’and ‘is: not- committed’ to any one’ type to’ the: exclusion of 
the ‘ether with ‘the enthusiasm that is often born of knowledge of one 
type ‘only. . 

Yours very truly, 
Tar New Lonpon SxHip & ENGINE Co. 
; E. Nigss, Marine Engineer. 
Groton, Conn. —Motorship, New York,” August; 1921: 





SIX-THOUSAND TONS CABLE MOTORSHIP. FOR. WESTERN 
: UNION TELEGRAPH CO. } 


Dreseu-Execrric Drive to Be Apoprep For Propusion AND. CaBLE-LayINe. 


Specifications ‘have just been issued to shipbuilders for one of the most 
interesting steel motorships ever planned. “This is a cable-laying ship of 
6,000 tons displacement for the Western Union Telegraph Company of 
New York from designs by J ».W. Millard & Sons; naval’ architects ‘also of 
New York. It is anticipated that the contract will be placed’ within a few 
weeks, unless the cost of construction is too high, in which event the vessel 
may be built abroad. In any event the order wilt be soon placed and’ the 
ship completed, as she is needed for work on’ the oceari. i 

It is very noteworthy that steam drive “will not’ be considered for ‘this 
ship, and that shipbuilders who ‘have no Diesel-engine of their own must 
include in ‘open bids the McIntosh & Seymour, Worthington, or’ other 
equivalent makes of Diesel eo that can° be’ installed ‘in ‘the “space 
avaliable, in conjunction with Westinghouse electric transmission. 

Coming at a time when deemipeny fen anys Po suffering from a terrific 
slump ‘this vessel will’ do ‘much to center*additional attention from ship- 
builders on the importance of* Diesel-engines for ptopelling purposes, as 
there are still about a dozen important Ametican concerns who’ have not 
yet’ undertaken’ the commercial construction’ of Diesel-enginés, although 
several have béen negotiating for licenses or hovering on the brink ‘of 
doing something ‘tangible in this’ direction, including the Federal 'Ship- 
building Co., Bath Iron Works, Staten Island Shipbuildirig Co., Merchants 
Shipbuilding, Co., Nee Steamship Co. (shipyard at Bath,’"Me.),; Moore 
Shipbuilding Co.,’ South ‘Western Shipbuilding Co., American Shipbuilding 
Co, Great Lakes Shipbuilding’ Co.,’and Downey re Sg se Pe (abt 

‘In ‘this particular instance Diesél-electric drive’‘is ideal, “because ‘the 
vessel will have to ‘operate very slowly, except''when pfoceeding t6’ her 
destination at sea, ‘which imay® méan aed ‘about’ four’ days’ at’ full’ a 
At times she will have little more to do than drift around, ‘with’ most 
of the power Shut down. With this’class of machinery the’ standby ‘charges 
will be very low, and at any” time’ by Ae for ‘full-speed ahead or 
astern in ten seconds, ‘without’ being obligéd to maintain’a head ‘of ‘steam. 

There will be two 1,000 shaft horsepower 500 volt ‘direct-current electric 
motors cofinected to the noe iewehic on Mere these will ‘turn at»120 
pevolatieas per minute. King mae thrust-bearings will*be fitted. Current 

or, the operation of the’ motors will be ‘furnished from’ four 410 K/W.:250 
volt direct-current  ‘compound-wound’ électri¢-generators ‘driven by four 
600 B.H.P. Diesel oil-engines. : 
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For) the auxiliaries i there will be two 120 B:H:P. Diesel-engines driving 
two 90. K.-W. 250 volt: direct-current compound-wound generators: at 375 
revolutions per minute. These generators in addition to providing power 
for the auxiliaries of the ship, will:provide current for ‘two ‘250 volt;: 1750 
R.P.M.. motors.’ that “will drive «two: 20::K.W. ‘electric-light | generators 
that will supply power for lights at'125:volts. They’ can also take ctitrent 
for the excitation’ bus. Power for: lights «thus: will be. taken from the 
auxiliary generators, ‘through the motor-generator sets when at sea,and at 
such times as the auxiliary generators ‘are being operated: when ‘in: port. 
A small oil-engine driven 125 volts generator will furnish current for lights 
when. the ‘large auxiliary: units are ‘idle. 

The general dimensions ofthe ship are as follows: 


Displacement, toms. <2. 6.0. scence cceccessscvgpew secure 6,000 
GONS “LOUHRRE. CONS sous ciccca nestecs ps heen cicuoechncn 3,000 
POMOY. SET he cs h us eis ores aun Ge cha 4 cc asia +2 2,000 
Registered Length, feet and inches.................0+: 340-6 
B.P., feet and inches........ Ee a OE I Sp 324-0 
Breadth (Moulded), feet: and inches..................- 42-6 
Depth (Moulded), feet and inches.................... 25-0 
DN gc. oak she bk de aelbeas «ha «dcgtese Lloyds .100 Ai 
EE go che eke ant taa ns eens vo ean dae 1a: 


We note that when using fuel having a heating ‘yaliié’ of 18,000 B.T.U:, 
the constmption at séa must not exceed 0.51 pound per’ shaft horsepower 
per hour. This, of course, makes any form of steam-electric ‘drive ‘utterly 
out of the question even if the owner’s specifications on page 14 (clause 3) 
did not ‘definitely state that the propelling-machinery is to consist of four 
Diesel-engines driving generators. 

However, we ‘think that even’ for Diesel-electric ‘drive the margin: is 
too close, because the Diesel-engines) will be of fairly high speed, namely, 
200 to 250 R.P.M. and so will have a fuel consumption of about 0.45 
pound per ‘B.H.P. hour, ‘unless’ of’ the’ solid-injection’ type. «To this’ an 
allowance must be made for the loss’ of power in transmission through 
the’ electrical apparatus of 12 to’ 15 per cent.” Therefore, if a consumption 
at’ the propeller-shaft, of 0.575 pound were maintained it would be'a very 

With direct Diesel-drive and: slow-speed cross-head-engines: consumption 
of under 0.42 pound per shaft horsepower hour could’ be guaranteed, but 
the benefits ‘to be derived» from electrical: drive probably outweigh ‘the 
difference in fuel-consumption in‘ this particular: case::/‘ With any form 
of steam-electric’drive the best consumption ‘will be 1.15’ pounds ‘and there 
would be many other fuel losses when laying cables, because the boilers 
could not be shut down or’ started ata’ moment's notice; like the Diesel- 
éfigines, Consequently, we siiggest that! the specifications of the machinery 
be changed to read a consumption of 0.60°pound per shaft horsepower 
hour, or else’ protect the Diesel-engine builders’ by inserting ‘a: clause ‘to the 
effect that the consumption must not exceed 0.45 pound ‘per ‘brake horse- 
power hour, for they must not be held responsible for losses in the electrical 


transmission. i ht 
We note that complete sets of spare ‘parts must be carried. For instance, 
each of the main’ Diesel-engines must ‘have two sets’ of piston-rings ‘for 
two cylinders, and one set of piston-rings for one piston of each of: the 
two auxiliary engines. This in addition to four by main-engine pistons 
and two spare auxiliary-engine pistons equipped with rings: METRO S 
This will provide good business in these quiet times for piston-ring 
manufacturers, as it means. about 56 spare rings of about 18: inches diameter 


and about 18 spare-rings of about 12 inches diameter. se 


54 


| 
| 
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As: 'the four main-engines will probably /have six-cylinders ach and 


seven, piston-rings per piston, and the two auxiliary-engines three cylinders 
with six rings per piston, it means that no fewer than 168° piston-rings of 
18: inches‘ diameter will>be on the main-engines:‘when installed, and: 36 
of about:»12 inches diameter on the auxiliary engines. Or a grand total 
of 224 rings of 18 inches diameter and 54 tings of 12 inches ‘diameter 
including spares... We draw ‘attention: to this: because there are a number 
of firms specializing in the manufacture of piston-tings who do not seem 
to realize the extent of business in this particular field today. 

On .deck there will be three electric-winches of the Lidgerwood, or 
other approved single-drum type, and» an electric. dnchor-windlass. he 
steering-gear will also be electric and will be controlled: by a MacTaggart- 
Scott telemotor and operated by a Waterbury hydraulic variable speed- 
gear. A Hasties friction rudder-brake will be installed, A Sperry gyro 
compass, and two 24-inch Sperry searchlights will be carried. “In fact, the 
electrical equipment throughout the ship will be. very. complete and will 
include heaters in the officers’ cabins, bath-rooms and saloon, 500-watt 
flood-lights, fans, bells, Edison storage-batteries, log and speed indicator. 
Other parts of the ship will be heated by steam from an oil-fired 9 feet 
by.8 feet donkey-boiler at 125 pounds pressure. There will be two 2-ton 
reffigerating-plants of the Brunswick, York, or other approved type, 
electrically driven by a 250-volt D. C. motor. There also will be a Paracoil 
or other, water-distilling plant, 

When the contract for this novel and interesting motorship is placed we 
shall publish plans, and give further details regarding the auxiliaries and 
equipment.—“ Motorship, New. York,” August, 1921. 





THE FIRST MOTOR SHIP WITH DOUBLE-ACTING: ‘TWO- 
, STROKE’ ENGINES.* 


On! the expiration of. the Diesel: master patents in the ‘years 1909-10, a 
boom: in marine: motor building..was anticipated by, among: others, the 
Maschinenfabrik Argsbeap: Niiaehete and Blohm, and Voss, These: firms 
accordingly jointly fo da research association for the. purpose of 
developing the engine to the dimensions requisite for its use in. warships. 
The. double-acting two-stroke engine, it. was. held, could alone be 
to! fulfil the: object im. view. It.was decided 'to start by building: small 
units, so that the problem might be studied with a minimum of expendi- 
ture. In order’ that the experiments;should not be confined to the testing 
shop, but/be extended to. ascertain: the. suitability of this: new. type of 
engine for practical: mercantile ‘marine work, a twin-screw. cargo | vessel 
Of 1863 net register tonnage was built by Blohm and, Voss, to be fitted ‘with 

of the class ‘in view. The: ‘first. set of. engines: constructed. for 
this. vessel -was. not installed on board, cracks having formed:.in the 
cylinders, during: the shop tests: The engines ‘were accordingly used. for 
——— purposes, and) to-gain experience for the. construction of: the 
* £ th, kine BS ate 

The new engines had three working cylinders of 480 mm. diameter.and 
710mm. stroke, and developed’ 830 .brake horsepower.at 120 revolutions 
per minute, The injection: compressor was of the three-stage ‘type, and 
was driven from aicrank on’ an. extension of the main.crank shaft. The 
cylinder diameters were 510 mm. 445 mm. and°115 mm. respectively, with 
a common stroke 'of!'350! mm.),"The three scavenging pumps, 650 mm. 





* From an article ‘by R. Dreves: ina) recent issue of “Zeitschrift due Veretons 
Deutscher Igenieure.” - , art’ b tte eit wig frre 
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diameter by 500 mm, stroke, were driven by rocking levers from the 
crossheads of the three working cylinders, while the fuel pump, 18 mm. 
diameter by 60. mm. stroke,-was driven from the cam shaft through 
excentrics. ‘The rocking levers is sthe first and third cylinders also drove 
two bilge pumps and-two ge r the piston cooling water. 


In designing the | engine, tial feature considered was reliable 
running, eves ying rs ty it as weight; cost of construction and to a 
certain extent fuel consumption, “ghbordinated thereto. The only 


condition laid down as regarded weight was that it should not exceed 
head of a steam engine set sf Peng €apacity. Consequently, not only the 
s, but also such oth he the base plate, standards, &c., were 
pagal out in unusual dimensi tect, if the saving of weight had 
been any consideration, these parts ‘could ve-been reduced by at least 
50 per cent. 
he crank shaft was divided into three sections—according to the usual 
practice in marine engimes—and had two bearings between each successive 
ir of cranks. In this ways, the load on the bearings was kept down very 
ow, and as a.consequence of these: Sereroble load conditions, the bearings 
me, Sens ‘forced Jubrication, just _ as’ > reliably as do those of steam 





rhe working idee indicated. it the accompanying engraving— 
were built in two~parts, A oe omy Rape served as a stiffening 
cross piéce-for, the stan ied the lower section of ‘thé cylinder, 
which “was closed at the bottoat by an inserted cover. The valves for the 
upper “end of the cylinder were mounted in the top cover in the usual 
way, and comprised a starting valve,.a fuel valve,twO scavenging valves 
a safety valve. The valves for the lower end pansistes of two fuel 
valves,itwo. scavenging valves, one.starting valve and a safety valve. The 
wor piston was made in. two sections, the lowe one.’ secured 
to the { -rod by a cone are nut, and carrying tie from 
which it ‘was separated by two spacing discs, which ; rine volume 
“ Fg papeuion chamber cn be adjusted. "Each on had self- 
ghtening cast iron rings. he pistons were cooled wi resh water 
supplied to: the cross head through articulated pipes, 4 on the rocking 
levers of: the scave: pumps, the water passing: | the. crosshead 
through-bends' to a distributor at the lower end ‘of iston-rod, and 
through the hollow rod into the interior of the pi I ag e return flow 
was made through a tube suspended in the hollow rod back to the cross- 
head, and thence by way of a second articulated pipe into the re-cooler. 
The yy werp, Goeemed cams, one cam shaft serving the’ upper 
valves, whilst two vir “provided for the lower valVes—one in front and 
the other hae *, the Srila. All three cam shafts. were driven by 
worm wheels the two vertical shafts driving the cam 
shafts | were” “ated ie! coh the which enabled the cam shafts to be 
legrees relatively to the main. shaft, so 
that staxtiliy- the ther. direction, the cam shafts auto- 
matical Tajeumed the p proper ag ap of Jag in relation to the main por 
This turning of the. —s fts enabled double cams. to be dispensed wi 











except for starting valves. The-fuel supply, and therefore the fee 
of the, y sng was! iby medfits of a fand. wheel controlling the 
fuel ‘pump’ suction pe pee ie iag lglg + in a 


come h sea,.a governor pal off the fuel supply and prevented.the engine 
rom racing, 

The engines” Were ‘tested “extensively, “Both in the” shops"and on board. 
Before erection in the ship, the first of the engines were put through a 
continuous six days’ test, followed by a maneuvering run for twelve 
hours, reversing for three hours and. four hours at slow speed. The 
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fuel’ cotisumption amounted approximately to.\8. ounces per brake  horse- 
power ‘hour} ‘and the overall efficiency was 72: per cent. Taking, into con- 
sideration 'the:power absorbed by the scavenging: pumps .and the com- 
pressor;’'the> mechanical | efficiency: was’ ‘89 = cent; For.such compara- 
tively’ small engines no ‘better results could be expected. 
°Inthe tests on board ship; troubles: and delays arose through the 
appearance of whirling oscillation’to an extent unanticipated from previous 
experience,’ It was found: itipessibie to’ run at) certain. speeds. without 
endangering the whole equipment, unless! these critical, periods were. tra- . 
versed ‘quickly. » ‘The’ conditions» were aggravated by the circumstance 
thatthe full speed of 120 ‘revolutions. comeided. with: one. such. critical 
d, ‘and in order to overcome this diffi , considerable structural 

alterations had to be made.’ When: these changes been made, exhaustive 
measurements were taken with a Fraum torsion indicator with photo- 
graphic dttachment, an instrument which enables an: accurate visible. indi- 
cation to be obtained of: the phenomena occurring inside a shaft under 
the most! difficult ‘ciréumstances, ‘such’-as’ when it is; subjected’ to. high- 
frequency oscillations or when the vessel is maneuvering ahead or astern. 

In May, 1915, the: Fritz; fitted with the — was put through her, first 
trial trip on the Elbe, ‘the run. lasting eight hours, and proving entirely, 
satisfactory.’ The measuted fuel consumption amounted to about 5 
ounces per indicated: horsepower: hour at:.a mean. output; of; 1003 indicate 
horsepower: for each engine.:. To ‘test :the maneuvering: capacity, twenty- 
two starts' and reversals were made-in 33 minutes. Subsequent,examina- 
tion of the engines revealed the development of cracks in various parts 
of the:'cylinders. . The ‘cylitiders: were therefore renewed:on lines, sug- 
gested by the experience acquired by the. builders. ; 

By reason of: the delays occasioned by the war, ‘the’ second: trial trip, 
with ‘the: re-built engines, was not)\carried out until! April) 1919. This 
trip also’ went off satisfactorily,’ and: the subsequent. in ion showed 
the ines to ‘be in excellent condition. Under. the provisions,’ of. the 
Peace-Treaty, the Frit had to be stirrendered to the Allies. The builders 
ditected the attention of the British Government to the fact. that the Fritz 
was an experimental vessel; and: that,‘ notwithstanding the. previous tests, 
the reliability of the new type of’ engine could not be. ascertained -until 
after ‘several sea voyages had been made. The suggestion. was accordingly. 
miade that several trips should!-be made in the. Baltic. before surrendering 
the vessel. This suggestion.was not accepted, and,.on.,November 8th, 
1919, the ship left for England, where she arrived. safely. after peg airon 4 
heavy weather. Since then- she has been in commission, for an .Englis 
shipping ‘firm, The builders. of the engines. and’ of, the vessels, are .con- 
tinuing their work, and have recently, constructed’ large-cylinder,, units 
which have, so: it. is announced, satisfied. the most, stringent’ test: conditions 
on. prolonged, runs,—“ The .Engineer,” August, 19, .1921.. | 


——— 


CAVITATION. . - 


. Mr, E.R. Mumford, Superintendent of Denny Bros.” experimental ah 
has recently been fovestcating the phetiomenon of cavitation, which firs 
attracted attention in the trials of WMS. Daring 30 years ago. On this 


27-knot torpedo-boat destroyer. Messrs, Thornycroft had fitted screws 
which absorbed sufficient power, according to their estimates, to drive 
the vessel at the desired speed, but failed by a knot. and a half to do so. 
Mr. §. W. Barnaby, the famous naval achitect of the firm, felt satisfied 
that the bad performance was due to the formation, of. cavities in the 
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water forward’ of the screw, which cavities, would probably be filled, with 
ait ‘and’ ‘water: vapor.» This’ view was) confirmed, by, the, very.. serious 
vibration ‘of the stern when the engines were driven.at: full. speed, although 
when ‘the screws: were! ‘removed the engines: failed. :to ‘shake, the .vessel 
_ when running at the’same: number: of révolutions; Rieiog that! the exces- 
sive vibration was caused by some irregular action of the); propellers. 
The ‘cure’ was found in’ a great increase to the surface of the screws, 
the desired speed’ was’ easily obtained, and‘ the excessive vibrations: dis- 
appeared, ‘Barnaby'stheory’is’ that: the velocity with which! water canbe 
made to flow towards a’ submerged screw: is; due to the head.of ‘water 
over the ' screw, plus the! atmospheric pressure, and there is, consequently, 
a defittite limit to the spetd°to:'which it cam attain. and a definite thrust 
per square inch of projected screw surface at which: cavitation will: com- 
mene. As the result of ‘his ‘experience, he considered that this: limit:.of 
thrtistwas'11/25'pounds per “square: inch of: projected ‘area'-with the, tip 
Of the screw 1 foot below’ the surface of the water; (0: $ NoiED 
In‘ his “'Speed’and Power ‘of: Ships;’? Admiral Taylor .déscribes::some 
experiments he ‘carried’ out in the: Washington’ tank in-order ‘to elucidate 
further’ this ‘problem ‘of’ cavitation’: He: arrived ati the conclusics that 
tip ‘velocity and shape of blade ‘sections are ‘the prime factors imyolved, 
and, further, that the’ savities:which caused the decided’ loss: in» thrust 
formied on the face’ of the blade and not on the back;' as Barnaby had >sug- 
ested)’ Mr: Barnaby truly ‘points out: that. these experiments: .of » Mr: 
aylor’s ‘are largely discounted by the>fact that:it: was) not really’ a:screw 
propeller that ‘was used in these experiments, but really. an ‘instrument 
specially designed to ‘produce’ cavitation,’ Further, ‘he «shows. that’: the 
range of tip velocities in which cavitation» may, or may not, occur | is so 
latge that it affords nd criterion as to its probable appearance, « ». >” 
rofessor Giimbel read a paper before the Institution of NavalArchi- 
tects, in 1913, On‘'the Criterion for the Occurrence of Cavitation,” in 
which he intended to’ show that’ its occurrence depended upon’ (t) the 
absolute pitch of the cross section of the blade; (2) the angle: betweeri 
the’ following edge and the face of the blade; (3) the amount of the slip 
speed as a’ function of’ the vessel’s speed; (4) the temperature of the 
water and ‘immersion of screw; and (5) not‘upon' the mean pressure per 
unit ‘blade area or upon the tip speed. ‘In: the ‘discussion ‘which followed 
Sir Philip Watts ‘remarked’ that ‘whilst thrust’ pressure ‘isnot, strictly 
, atrue! measure of ‘the cavitating’ speed, it nevertheless is) a 
measute ‘which can’ be readily’ ‘used for comparing: similar screws’ ‘under 
similar conditions, *~' : ROU 
Mr.’ Mumford joined in ‘the discussion and said’ that in actual ‘practice 
pressures ‘considerably higher than those suggested by Mr. Barnaby had 
been ‘obtained’ before ‘cavitation’ was observed.’ “He suggested. that ‘when 
the speed of real slip was about’ 16 feet per::second the phenomenon will 
manifest itself. His recent paper, read before the Institution of Civil 
Engineers, described some experiments carried out in the Dumbarton 
tank. Two model propellers, each about 4 inches in diameter and of 6 
inches nominal pitch, the one’having about twice the blade area of the 
other, were driven at such revolutions per minute in undisturbed ‘water 
while not advseing as to draw air down, from the surface. It was found 
that the smaller blades drew air from the surface when the nominal slip 
was 26.1. feet per second and the thrust, per square inch of projected area 
10.53 pounds, while the. screw with double the area drew air for the 
surface when, the nominal slip was 22.4 feet per second and the thrust 
per square inch of projected area was 5.14 pounds, The immediate drop 
in thrust when air drawing commenced amounted to 35 per cent and 40 
per cent respectively. Another non-advancing model propeller, 3 inches 
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in diameter, ‘about 4.3 inches nominal: pitch, and: projected area» of: .575, 
drew air ‘in a vortex: from the surface when the center of: its horizontal 
shaft»'was immersed» 2: feet, the nominal slip was 27:7) feet per second, 
andthe: pressure» per square inch of projected area’ was 7.4 pounds. 
Accepting that these experiments: afford some guide as to what: might be 
expected in actual experience with full-sized propellers, it may be observed 
that the speed: of nominal' slip in the three cases is fairly constant; being 
respectively 26.1; (22.4 and‘27.7)"The pressures per unit of ‘surface showed 
a much larger variation, being 10.53 pounds, 5.14 pounds, and: 7.4 ‘pounds 
per square inch. From these it appears that Mr:°’Mumford»was justified 
in saying, in 1913, that the speed of- the real slip gave a criterion of 
cavitation probably to be preferred to that of pressufe per unit’ surface. 
Mr. Mumford enunciates' four ‘kinds’ of cavitation, first one being 
“when the relation of the’ size’ and’ immersion of the propeller to the 
powerand thrust transmitted ‘is such’ “as to cauSe airto bée drawn down 
from the ‘surface—thé ‘cavities in ‘such case being air-filled.” This was 
evidently the kind of ‘cavitation which was observed: during’ these experi- 
méfts. Mr: Barnaby pointed out ‘that this’ class ‘had really nothing to do 
with cavitation as he understood’ it, and that this’ phenomenon ‘was ‘quite 
distinct from cavitation’ ‘and should’ notbe confused’ ‘with ‘it. Mr. Mum- 
ford, in reply, said that he had come to the conclusion that a’ cavity was 
a cavity, whether filled ‘with air ‘from’ the surface or with air or other 
gases including: water vapor from the ‘water: itself. 
One thing’ ’is clear from these’ éxperiments, ‘and’ ‘also from’ those ‘pre- 
viously carried out by Admiral Taylor, and that is, that’ the phenomenon 
of ‘cavitation ‘can be producéd ‘in ‘the ‘tank. It is equally evident’ that 
although the experts differ as tothe’ real’ cause ‘of’ the occurrence; two 
cures ‘can’ be had when it’ doés ‘take place. “Mr. Barnaby has found that 
greater area of propeller blades gets' over the difficulty, and Mr. Mumford 
that increase in diameter or blade area, so. as to reduce the speed of 
the real slip of ‘the ‘ship's Btw to be under 16 feet. per second, will 
avoid undue’ cavitation. r. Mumford, is to be: complimented on his 


interesting work and for his. contributions to the discussions on’ this: 


problem with which Mr. Barnaby’s name has for long’ been associated. — 
* Shipbuilding and Shipping Record,” September 8, 1921. 
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SHIPS’ PROPELLERS: NOTE ON RESULTS OF EXPERIMEN- 
TAL RESEARCH REGARDING “CAVITATION” AS 
AFFECTING PROPULSIVE EFFICIENCY. 


By Epwin RicHard Mumrorp. 


This note is confined to consideration of the causes and éffects of “cavi- 
tation,” as “indicated ‘by ‘results’ of" 'special. experimental investigation. 
Models. of ship, propellers, as ‘usually tried in an expérimental tank, give 
reliable results for compatison with ’ those’ ‘of’ non cavitating ships’ 
propellers; the ‘application of Froude’s well-known “Law of Compari- 
son”; but ‘when the conditiotis are such that'the ship’s propeller ‘cavitates, 
the model screw does’ not’ cavitate’ at corresponding speeds and slips, 
because the atmospheric pressure ot the surface of the water’ is the same 
for model’as for ship, instead ‘of being in the ratio of ‘the dimensions; and 


- as the degrée of cavitation depends upon pressure difference per unit’ area, 


which‘ is greater ‘for ship than model (being in the ratio ‘of the respective 
similar dimensions) the “Law of Comparison” is not applicable ‘for ‘direct 
comparison without’ correction. 9 "°°" he aghast pn ype ts 
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It appears that there ate four: coriceivable kirids of.“ cavitation;”:two of 
which cause the formation of persistent: cavities: inthe water to:the extent 
of reducing appreciably the mass of: water acted. upon in :relation,:ta ithe 
nominal slip of a propeller, and thus necessitates a relatively; increased 
speed of slip, with consequent: loss of.. propulsive efficiency: in order to 
develop the desired thrust (T=MV). The other two kinds.of “cavita- 
tion” are almost, co-existent when they oceur, and are probably the:cause 
ofthe excessive and rapid erosion-of the’ material.of propeller blades:that 
sometimes: takes place. eer wih 
: a four kinds » or ‘conditions .of “cavitation” may be. described .as 

ollows :— ; ' 

(a). When. the relation.of the size and,immersion of: the propeller: to ithe 
power and thrust transmitted is such jas to cause. air to be. drawn down 
from the surface—the cavities in such case being air filled. 

(b) When the reduction of pressure immediately forward: of. the..pro- 
peller. is sufficient to cause air or other gases absorbed or diffused in. the 
water.to. be freed and to concentrate inthe vicinity of the. propeller. 

(¢) When. the reduction. of pressure at the propeller, is sufficient to cause 
momentary conversion of the adjacent water into, vapor. 

(d) When the reduction of pressure is sufficient to cause a nearly..per- 
fect vacuum. 

In. practice, condition, (a) is a very common. cause of loss of propulsive 
efficiency—probably much more common than: is generally. known-—because, 
when. it, does. happen it is not easily observed, owing to. the turbulence of 
the water surface. Two model propellers, each about 4 inches in.diameter 
and. of, 6 inches nominal pitch, the one having about twice the blade.area 
of the other (projected area ratios 0.27 and 0,575 respectively) were.driven 
at such revolutions per minute in undisturbed water while not advancing, 
as to draw air from. the surface, the immersion of. the center ofthe hori- 
zontal shaft in each case being 4.15, inches, It was found that the smaller 
blades drew air. from the surface when the, nominal slip was 26,1 feet per 
second, and the thrust per square inch of projected area 10.53, pounds, while 
the larger blades drew air from the. surface when the nominal slip was.22.4 
feet per second, and the thrust per square inch of. projected area was, 5.14 
pounds. (See Fig. 1,) The immediate drop in. thrust when air-drawing 
commenced, amounted to 35 per cent and 40 per. cent, respectively, and the 
character of the thrust curve seems to be similar to that found by Admiral 
D. W. Taylor in the Washington Tank, and published by him in Figs. 220 
to 224 in his book on “The Speed. and Power of Ships.” _ Another, non- 
advancing model propeller,3 inches in diameter, about 4.3 inches nominal 
pitch, arid projected area ratio of 0.575. drew air ind vortex from the sur- 
face when the-center of its horizontal shaft was immersed 2 feet, the nom- 
inal slip was 27.7 feet per second, andthe pressure per square inch of 
projected area was 7.4 pounds. 

Condition: .(b), frequently. occurs with vessels of the: fast cross-Channel 
type, torpedo-boat destroyers, and other véssels fitted with screw propellers 
impressing a. high absolute speed of. slip on, the water acted upon. This 
phenomenon. was made. plainly: visible by means. of,.a stroboscope;, air 
bubbles. were seen to. form at, different parts. of a; model prapelier of 3 
inches diameter driven at high absolute slips up to about 40 per ‘second 
nominal,.. The bubbles.so formed were observed to persist.as such. in ; 
spiral train in the race of the. propeller. stg aad 

In order to, investigate this condition: further, experiments were made 
with model screws with centers immersed. 2. feet on a horizontal. shaft in . 
undisturbed water, and driven up.to and pevond all known speeds of slip 
of. ship's propeller, and at different speeds of, advance. No air was drawn 
from the surface during these experiments. It was.-i ) to, measure 
the shaft horsepower and thrust in terms of the nominal slip of the driving 
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face of screws of different pitch ratios;:but a difficulty occurred»in connec- 
tion with the measurement: of the load friction of the ratus; so that, 
for the present, only the curves of thrust are available. The results show 
a gradual reduction of. relative: thrust at various nominal 
speeds’ of slip, and various pressures per unit area of projected surface; 
depending upon the ratios of pitch to diameter, of projected area to disc, 
and's of advance. The commencement of the thrust b breakdown occurs 
at — nominal’ slip with increase ‘of pitch ratio and increase of speed 
of advance. Tlie; maximum nominal speed of slip so: far obtained at the 
commencement: of breakdown of: thrust: is 34° feet: per »second: associated 
with a pressure per square inch of projected area of 8}4: pounds, which is 
the’ minimum: so. far obtained... The minimum nominal speed:of slip: ob- 
tained at the breakdown point is 17! feet per second associated with a pres- 
sure of 12.95 pounds per square inch of projected area and-a speed of 
advance of 600 feet per minute. The maximum pressure per square inch 
of projected area carried by one of the screws. up.to.the breakdown, point 
was 15.% pounds at a spzed of advance of —— per ‘minute. The curve 
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of this beyond, the breakdown, point. in alt cases. hei the falling-off 
i tadual, and nt in the least degree of the same character as 
aie is being drawn from the sige Though the rate of falling-off in 
propulsive efficiency remains to be explored, it may be said that the, one 
airly reliable test shows that a 25 cent. increase % tlie beyond the 
ii down, point inyolyes a loss. pt, ou f propulsive effi- 
ciency, and the loss increases oon further { increase of slip. (See Fig. 2.) 
Observations of pig rape sea water su ha to reduction of atmos- 
ric pressure Be the glass bell bell of an air pump showed that panies les 
gau to fom. when the pressure . was , reduced by, it 6 po per 





square inch, and that they increased in magnitude, with "hirther. reduction 
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of pressure!) This pressure! difference ata propeller would give a speed of 
flow of water towards it of about: 30 feet per second: In the turbulent, 
wake of: a ship ithe bubbles will: probably ‘be formed at..a ‘lower; average 
speed of flow: The pressure of water vapor:at 60 degrees F’ is only:34 
pound per square inch.» Assuming a»propeller: to be immerséd 6 feet in 
water at such temperature, and:impressing such a speed on the water as ito 
create a region of absolute pressureof: only: 44 pound per square inch,:then 
the speed of flow of water: towards that region ‘due to: the: combined: head 
of ‘atmosphere and water, less the:4 pound per isquare:inch, will beabout 
50) feet: per) second, ‘which’ is ‘so’ much’ in‘ excess of the average ‘speed of 
slip!-of ‘any ship’s: propeller :that °it appears probable that air: bubbles ‘ex- 
tracted fromthe water by pressure difference, anid thus reducing “‘ M,” 
are’ the tisual cause: of breakdown of) thrust and»efficiency: of propellers'of 
high-speed ships when ‘not:drawing air: from the ‘surface: 
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Conditions. (¢) and..(d)~ cannot” €xist.-with any known nominal ‘slip 
obtained by a ship’s-propeller. if,.the speed of rotation..be.uniform, and..the 
propeller advancing into undisturbed water. It is, however, conceivable 
and probable that minute cavities of extremely low internal pressure are 
created momentarily when impressing a high speed of slip in a turbulent 
wake. ‘The alternating pressures during each revolution due to a varying 
speed of wake may set up vibration of the propeller blades which may 
further intensify the pressure differences. The minute cavities of lo 
internal pressures thus created probably would not affect peopaeys 
efficiency to an appreciable extent because they could not (like the’ air 
bubbles) persist as such, but would collapse almost as soon as created; the 
blows on the material of the propeller blades, caused by the collapse of 
such cavities, appear to furnish the only reasonable explanation of serious 
erosion that sometimes occurs (see paper by Sir Charles Parsons and Mr. 
Stanley’ S. Cook, in vol. Ixi of Trans. Inst. N. A.). si Si 
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« It may be: of: interest to: record ‘that in order:to make the cavitation tests 
with small models of 3 inches to 4 inches diameter, the full power ‘of an 
electro-motor capable of giving 6 shaft horsepower was used. 

Much: remains to -be investigated ‘as to the effect’ of various factors— 
size, :design; immersion and speed ‘of advance—in relation to Ma tse 
as affecting propulsive efficiency, but it is hoped that this note will “Prove 
Prony ai toievoke a: good discussion ‘of ‘the subject.— Engineering,” ‘July 





THE LESSON OF THE ZR-2 DISASTER.” 


Some Recent Facts Bearing on. the Construction and Tests and the Con: 
clusions Drawn Therefrom._, 


eBy LADISLAS p Orcy; 


The two, chief questions which, i in connection: with. the accidental dations 
tion of. the: rigid airship ZR-2 (or: R-38) come to, the mind of the average 
person are: 

de t we the caine with. the; ZR-2? 

as) her purchase by the United States Navy viiecs 

While it is, yet| premature, pending. the findings of the official i inquiry, to 
state, with. finality. what. caused. the, terrible exes it is\mot difficult to 
visualize. what, went wrong. with the ZR-2. ements by survivors seem 
to establish pretty definitely that the big Hay roke,in two.not under: the 
signin, ‘of, full speed. trials, as had first been peice but that the longi- 

snapped when. the helm: was, put ut, hard over. The commander. of 

= dirigible,, who,was rescued, has dec red.that.at the time of the accident 
the ship. was making 50 knots—as against 65 knots,“ all. out.” On the other 
hand, another survivor, Lieutenant, Bateman, states that just prior to the 
accident the, ship, had made. turning, tests, and that two, turns had been 
ed without difficulty, but that.on the third the vessel broke her back; 

His eens is particu ly seniicans in view of the fact that he was 
able to.observe the working of. the rudders as he was seated in the stern 
cockpit, which is aft of the Oere 

So. it, becomes rather obvious .that, the ship.was, turned: too suddenly for 
the speed at which she was flying, although this manenver.might have been 
totally, harmless, at a lesser speed. 

There i , still a further point to. be considered : information reaching this 
country .from, men. who were. in close contact, with . the: po Pmt and 
trials of the ZR-2 shows that her control surfaces were. overbalanced, 
That is to,say, the balanced portion of the rudders. was. so large that) they 
were, extremely sensitive.to air, pressure, so that when the ship. was, under 
way a slight turn of the steerin | wheel. would. suffice to: whip about ‘the rud- 
ders. .At high speed this would naturally cause/a tremendous strain.on the 
700-feet-long framework. 

It would therefore seem that the design of the ZR-2’s rudders was. faulty. 
This. defect, which might. have been easily remedied, would not have -been 
a.serious matter on a stronger ship. But the ZR-2,, far from being-a str rong 
ship,. was what one may, call an “ extra-light” ‘vessel—a., feature whi 
borders, on. structural. weakness,.. To understand. the. why, and, wherefore 
of the situation we must look at the. history. of. rigid airship, development, 
which takes us back to. Count Zep 

Germany, launched, her _ first “super-Zeppelin,” a 2000000 ‘cubic .foot 
vessel, in 1916, after fifteen years’ experience. in this branch of engineering. 
in which. period she built some sixty. Zeppelins.. all the way from 
400,000 cubic feet to 1,250,000 cubic: feet. In the. .fall of 1916 one such 

super-Zeppel in, the L-33, was — down: fairly intact in England and 
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the British Admitalty instructed its airship. designers to: duplicate it;; Up 
to that time British experience in rigid airship design and. construction was 
limited to that. obtained. froma number of experimental ships’ that were 
being, built after very incomplete drawings of pre-war Zeppelins. » The 
British copy of the: 1-33, led, the: R33, was : only. finished: after the 
armistice, her trials taking ‘place in the spring of 1919. Although the vessel 
embodied ‘some improvements found in another captured in, the 1-49, 
which had come down intact in France, it should be pointed out that! while 
the latter ship had a useful load of 39 tons, and the L-33 one of 30 tons, 
the British copy of these 2,000,000 cubic feet dirigibles had only a useful 
load of 24 tons. “All of which is merely mentioned to show that a pains- 
taking copy of an engineering structure will not necessarily be identical in 
all respects with the prototype—although they may look alike. 

But while the R-33 carried a smaller useful load than her German sister- 
ships, she seemed to be in every) way.as:strongias the latter. How strong 
the hull of these ships was, the R-34 (sistership of the R-33) demonstrated 
at’ Mineola; ‘Long ‘Island, where for fotir days’ she withstood buffétifig by 
winds, although on one occasion the anchorage fitting of the main handling 
rope was pulled clean out of the framework, S ae 

The success of the R-33 class airships proripted’ the “British Admiralty 
in 1948 to prepare drawings for’a°much larger class of airships which were 
to be’ superiorto the German L-71 type. This was the ill-fated R-38'- (the 
ZR-2j'as we call’it) class, which incorporated numerous novel and original 
ideas. Now, ‘it should be ¢mphasized that’ when this class ‘was’ laid down; 
all the experience the British’ had in rigid ‘airship’ construction had’'been 
derived from copying German’ ships; ‘The only firm which ‘eventually’ was 
to produce'a highly sticcessful original design (Vickers, Ltd., ‘with: their 
R-80) had ‘not by then emerged ‘from the experimental’ period’ of their 
work; their experience was therefore unavailable. % 

And what may strike the reader as particularly odd, the Admiralty gave 
the contract’ for the construction of the R-38' (or ZR-2) to’ Short Bros:; ‘of 
Bedford—a firm that had never’ before built a Zeppelin type airship and 
whose entire experience with rigids was obtained from ‘the building’ of 
a and R-32, which ‘were patterned’ after ‘the ‘plywood-framed Schuette- 

nz type, ‘ ” Mie? Sane 

‘Here then we have,’ in part at least; the answer to the ‘question which 
heads this article:’’ What*was the matter: with the ZR-2?° The ship was 
built ina factory that had no previous experience with duralumin airship 
construction, and ‘to plans which were not based on practical’ experience. 
To cite but one instance, the well-proven’ radial truss ‘of! the’ tratisverse 
frames was replaced on’the'ZR-2'by’a tangential truss system, the merit°of 
which “had yet to “be demonstrated.’ In this‘connection I ‘cannot: do less ‘but 
pay a respectful homage to the memory of the late Colonel Campbell, chief 
airship designer ofthe Admiralty, ‘who had sufficient faith in his ideas t6 
- a eng the ZR-2 during her several trial trips and who lost his life with 

ship. eetiaa aa 

Knowing the’ circumstances which surtounded the construction of ‘the 
ZR-2, we begin’ to understand ‘why, as one report has it “several girders 
wére straitied in the’ factory: when'as many as‘ ‘thirty fitters crowded’ on 
them in’ the course of assembly work.” It is quite ‘concéivable that ‘work- 
meén accustomed to’ the! resiliency of ‘plywood girders would’ do just ‘stich 
a thing and that their’ foremen, not knowing any better,’ would not°warn 
them. And a 700-foot airship is stich’a gigantic’ sttuctute that ‘the ‘etigi: 
neers ‘fainiliar’ with the vagaries’ of duralumin—whom ‘the’ Admiral 
detailed’ to the Short Works—could ‘hot personally ‘supervise every detail: 

For the sake of completeness it’may ‘be added ‘that when Messrs. Shortt 
Bros. closed down' their airship department, the Admiralty took over their 
factory and completed the*ZR-2; whereupon ‘she was’ handed over ‘tothe 
British Air Ministry. : 
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That the hull of the ZR-2 was structurally. weak was firstdemonstrated 
on the inflation of the ship when, due to unequal. load distribution, several 
girders buckled, » The failing members were repaired,’ but during’ the: first 
trial flight trouble was in experienced from: several intermediate longi- 
tudinals and transverse.frames, so that it-became necessary to reinforce 
certain portions» of the framework: “Details are not? available: as:to: the 
exact ‘nature of this stiffening work, but one might suggest that by rein- 
forcing certain girders others may have been further weakened. Of course, 
this. is merely a:guess. ; 

Judging, however, from all that has been‘ said before it appears beyond 
a doubt that the ZR-2: was’ structurally weak—a: condition brought about 
by the desire to carry the greatest possible useful load. This, as originally 
ow ep was to be in excess of 50 tons, but it was subsequently reduced 
by . Agiars of,a bow mooring gear, not to speak of the reinforcement of 
the hu ; 

As to the second question we have placed at the head of this article: 
“Was: the purchase of the R-38 by: the United States Navy: justified?”—it 
would seem to’ the impartial observer that it was not. ; 

Indeed; why’ should the’ Government spend: abroad $2,000,000.0n a foreign- 
built, untried type of dirigible?, ...\ F 

‘On the: one hand the Navy is, desirous: of develoging rigid airships :in 
this: country, This. can be. brought about only through, experimentation, 
and. it-will, be, admitted: that,if the! necessarily heavy. financial outlay has to 
be faced. it will. better serve its: purpose:if the money is spent here rather 
than. abroad. American inventive genius is second to none in the world 
and can be relied upon to solve the: problems: of :rigid airship, construction 
just as. well.as it has solved other..engineering lems, bet 

On the other hand, if the Navy. Department—which.is in.charge of rigid 
airship development. to the exclusion of the Army—wanted.to havea ready- 
made airship of proven design, it would seem that it could have secured 
from Germany, without. cost, virtue of America’s participation in the 
victory—a dirigible that would have been far superior to the R-38. This 
will. be. seen from the appended table which gives the chief characteristics 
of the R-38 and of. the. L-71,.Germany’s largest Zeppelin, which was. sur- 
nengorns to. Great Britain, while her sistership, the L-72, was.surrendered 
to France: : 


High 
Capacit Length, ..Dia. Total Useful _. Speed 
nig ft. ; Load Miles 


Type cu. ft. ft. H.P. 
(tons) ; r 
. > z our 
R-38 2,720,000 695 85 2,100 50(?)........ 25 
L-71 2,420,000 745 79 1,740 48 75 


It-is- not generally known that while the war spoils of the United States 
‘include: a great number of: airplanes;,and engines, the. lighter-than-air 
material: of Germany. was entirely: divided up between: Great, Britain, 
France, Italy and Japan, the United Statesmerely playing \the role, of a 
disinterested: spectator.’ That: this was a grievous mistake; willbe. readily 
conceded by all those concerned with the development.of American airships. 
— Scien American,” September 17, 1921. 

_°\ “DIRECTION-FINDING WIRELESS: 
ay which came ‘into use’ for naval purposes during 
the’ war, is tiow being applied to the service of the mercantile: marine. 
The ’system ‘has been adopted ‘by France, America and ‘Canada,’ cach: of 
‘which ‘has’ a nuniber of ‘stations: in operation; So” far°as othe: United 
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Kingdom is| concerned, the Admiralty intend to maintain their direction- 
finding stations at the Lizard and at Carhsore Point. The: stations :at 
Flamborough and Berwick will also be retained until the end:\of the year. 
After that their icontinuance: is) uncertain, unless some: other ‘authority 
takes them over. As a fee of only 5s. is charged: for giving: a’ shipva 
bearing from one of these stations and) the) great’ value’ of ‘them: as: an 
adjunet to, navigation has been 'proyed on many ‘occasions, it would: »be 
regrettable if any of those esablished:on our coasts had toibe dismantled 
because nobody would undertake their upkeep. At the moment it cseems 
probable :that this is what will happen! ; 
. The principal use ‘of direction-finding wireless as an aid to: navigation 
is in enabling the bearing of a vessel in open waters, or when approaching 
‘pilotage waters, to be determined from one or more fixed points: When 
the: bearings: from 'two or more fixed points are obtained ‘simultaneously 
the position of the vessel can be located by the intersection of the beatings. 
All ‘bearings thus obtained by wireless telegraphy are the Great’ Circle 
bearings at the place where the bearings are observed. ‘This’ means that 
in some cases, which will ibe explained ‘atet, the vessel will require special 
charts) or. special tables of‘ correction:' ‘Independent ‘of ‘technical systems, 
there are three types of direction-finding wireless which may ‘be ‘employed 
as an aid ‘to the navigation of ships. ‘These are: (1) The direction-finding 
station type, in which @ vessel transmits: by’ her ordinary wireless’ installa- 
tion to/a fixed’ station, ‘or stations, on ‘shore that are fitted with directiortial 
wireless apparatus. The shore station ‘determines the bearing and ‘trans- 
mits’/it to a ship in’ the ‘ordinary ‘manner.’ Two or more stations may be 
‘grouped ‘to determine ‘simultaneously the bearing’ of ’the ‘vessel from each 
station, and the intersection of the respective bearings, as transmitted by 
ordinary wireless ‘telegtaphy ‘to the! vessel by the master ‘station ‘of’ the 
shore group, enables the position of the vessel to be’ ascertained.’ In ‘this 
case the ‘responsibility ‘for’ ‘the accuracy rests with’ the station,'and ‘the 
vessel herself ‘requires’‘no special direction-finding ‘apparatus.’ 
‘'((2) ‘The beacon station' type: In this the vessel is fitted with direction- 
finding aratus by means of which the relative bearing of one or mote 
ordinary fixed  transinitting’ stations ‘can pe determined and ‘the vessel’s 
position located by the intersection ‘of' the bearings: These’ are’ necessarily 
obtained relatively to the ship’s course at the time and are’ corfected 
accordingly. Any known ordinary wireless teiegraphy station may be 
used for this purpose, ‘or, preferably, certain stations known as beacon 
stations may be directed to transmit simultaneously, or sticcessively, pre- 
arranged signals on certain wave-lengths at definite times during each 
hour. Under, this system the responsibility for the*accuracy of the bearing 
Lap oe the vessel, which must have a special direction-finding apparatts 
on r ‘ 
(3) The directional transmitting ‘station type: In this: method: a ‘rotat- 
ing directional wireless beam having a fixed angular velocity. is:‘transmitted 
by a'specially-fitted fixed ‘transmitting station. The ‘rotating beam, which 
‘swings found in’ ‘similar fashion: 'to the revolving beam ‘of a: lighthouse, 
has°a'sharply-defined ‘zero position which’ passes through north ‘and south 
at‘given' times,’ Knowing the! angular’ velocity of the ‘bear, :dnd: by 
observing the time interval between. the given times at which the: zero 
passes through north and south andthe time at which the zero signals 
ate received in the) ship;ithe bearing of the ‘station’ can be determined. 
In order to ensure that the watches in the transmitting station and the 
receiving ships are synchronized the’ station transmits a timing signal 
first: before commencing) the: rotating: beam: , In. order to, avoid calculation 
im the: ship, and:to obtain greater accuracy, a special, watch, the, face, of 
whichis marked lin, degrees, is required, in the ship, .and the scale .corre- 
isponding:'to the,angular velocity.of the revolving, beam... If this. watch is 
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started at: the’: moment indicated <by.: the: itiming: :signali: the, bearing -in 
degrees of the ship from the station: can be noted from! the watch: at’ the 
ary when the zero signals are received: This bearing can ‘be checked 

with subsequent zeroes. this: method: the responsibility forthe accuracy 
of:the bearing rests with the ship. 

The principles. of; direction-finding ‘wireless and: the technical methods 
of; operating: it may be epitomized: as follows: Signals: from ian ordinary 
wireless transmitting aerial are propagated equally in all directions ina 
horizontal plane. The field of magnetic: lines: surrounding: the. aerial’ may 
be regarded as aseries of concentric rings spreading outward’ uniformly 
from, the transmitter; and the ‘receptive powers ofan ordinary. vertical 
earthed ‘aerial, apart ‘from: loca’ or special: conditions which may cause 
screening, may be regarded:as equal in:ali directions. |. We will suppose 
that a receiving ship or station: is: fitted 'with a single loop aerial; i2., 
a triangle as shown in Fig. 1) and:that this aerial is not earthed; but that 


Patna 2.2680 
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the’ two étids vo cbltinestde *6'an ordinal’ réeceivitig diveuit s6'as' to form 
a’ ‘closed ‘loop. “A and B represent the two’ sides ‘of this be - le loop’ and . 
the arrows’ the’ direction’ of mw th # wireless 'wayes; le ' plane’'of 
this loop be parallel to the direction ‘of the ‘advancing Skyss the’ direction 
of the Carrent’set’up in’ A ‘will bein the same direction as’ that, set’ up 
in''B, ‘so’ that‘ the currents’ will’ tétd ‘to oppose ‘each other.” a 4f' the 
two sides of ‘the t heaelt fg ‘a Certain distance apart''the ctirrent 
i = one'side will' reach, its maximum an’ instant’ later than’ ee in 
ened ‘anda F ceshienine hoe = FA nd ‘the’ loop. T 
$058 aay be turned through an‘ ‘angle frees so that 4 ite: 
at right angles to the direction of the’a ited waves which are sho 
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as facing or end-on «arrows ‘in Fig. 2, then it is clear that the electro- 
motive force induced in the two sides ‘will at any instant be equal: and 
will oppose ‘each ‘other, ‘so that no current will flow round the “loop, ' 


Tf the loop be turried: through any riangle than’ a right an 
a resultant current will flow round the loop ‘having’ a: value whi 


then 
varies 


as the cosine of) the angle which the plane of the’ loop: makes’ with ‘the 


direction of ‘the’ advancing wave. Or, in other words; the! 


aerial 


may be regarded as normally inductive ‘to the field of magnetic’ force 
of the advancing: waves; but: as non-inductive to that field in certain ‘posi- 
tions.. This ‘is’ shown ‘in Fig. 8, where for the sake ‘of: simplicity . in 
drawing it is assumed that instead of being rotated the loop ‘is’ moved 
round the transmitting station: so that its plane is pointing at the trans- 
mitting station at the right hand, or maximum current position, and is 
facing the transmitter at the lower, or zero; current) position. 
~. Therefore, ‘it follows that by medns: of a revolving loop aerial: the 
direction of a distant station may be determined by the relative strength 
of the signals in different positions, and the single-loop aerial connected 
to receiving instruments .atid rotated.round its. vertical, axis through a 
horizontal scale. is, the, simplest form of’ direction-finding apparatus. 
To increase the current through the loop it is usual to tune the loop 
with a condenser to the wave-lengths required to be received, and instead 
of a single loop a frame fitted with a multi-turn loop may be used. 
larger the area’ of, the loop the greater will be the resultant current 
induced. ‘The’ revolving loop aerial system of direction finding has the 
advantage of’simplicityand portability, but it. does not lend itself so readily - 
to the accurate reading of directions, especially when the loop is large 
and in consequence cumbersome. ‘This system is not very suitable for 
work on board ship because the revolving loop requires to be set up in 


such a position that it is not influenced unequally durin; 
by other conductors’ in) the ‘vicinity,’ “Hete’ it ‘should 


consequence. 


The 


g its orientation 


be: ‘noted that the 
zero position of signal strength, #¢)owhen the loop is at right angles to 
the direction of the advancing wave, is: much more sharply defined than 
“the maximum position of-signal strength, and it is usual in practice to 
read the zero position, which is 90 degrees away from the true bearing. 
This can be done most conveniently by judging two poSitions on the 
scale at which the signals are of equal strength on either side of the zero 
point, the mean of thé two scale’ readings giving the exact zero. Improve- 
ments are now ‘being. introduced by ‘which a comparison method is sub- 
stituted for the zero method of determining the bearing. These involve 
an addition to the simple.apparatus here described. It should be noted 
that the system of. directional wireless explained “above gives only the 
direction and not thé-sensé-of the incoming signal, so that there is an 
ambiguity of 180 degrees. “In: the majority of cases, since either the 
receiver or transmitter is in a fixed position; theambiguity is of little 


In the Bellini-Tosi system, in place of a rotary loop aerial two fixed 
loop aerials are employed. which are connected to an instrument. known 


as. the. radiogoniometer,. or. direction range-finding, transformer, 


nside 


the jatter instrument is a small receiving coil attached to a.pointer moving 


over.a scale by ,which, the direction of, signals can be determined. 
Le take the case of a receiving set having two fixed 


t us 
at, right angles to each other. When. the dir 


station isin the plane of one.of the, aerials maximum signals, will be 


. 


of the. transmi 


loop aerials 


ing 


received on this aerial and zero signals on the other. Thus, if the, signals 
are from a distant, station at X or X, (Fig. 4), maximum signals will 


be. received in coil A_B.and zero in coil. C D. If the. signals.are from 


Y to Y,, maximum. signals will be. received in coil C. D. and. zero. in coil 
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A B,. When: the direction of the transmitting station is not’ in one: of 
these two planes, ¢.g., at Z in Fig. 4, the signals will be received ‘to a 
certain extent on both aerials, that is, a current will be induced in’ both 
acrials, the magnitude in. each of which: will. be proportional: to: the ‘cosine 
of the respective angle which each makes with the direction of the trans- 
mitting station. The two aerials are joined respectively. to. two small 


rae OR 
AWE 














loops, each loop being a coil of several turns, fixed at right angles to 
each. other in. the. radiogoniometer, so that this’ instrument, forms..a small 
replica of the large fixed, aerials and reproduces: aeeeth umaanetic 
fields due,to the currents. induced in the two, aerials. . 161 


direction-finding box... The two. ‘fields due. to. the. genprate currents 
the, two aerials combine to form.a resultant field. In order that, this 
resultant field. shall have. the true. direction,.of .the: transmitting. station, 
t.is, in order that the resultant. field .due.to the currents in, the coils 
Band. é'D. sop a transmitting. station; at Z.(Fig.. 1 ae lie Nene 
the , e) Ey Fy .it is inavenne: at, the, two. ae 


receive: their, proportionate, share of .current.,.. The receptive: powers .of 


both. aerials must, therefore; be bereft ie 0th if the: position: ofthe. dire direction 
finder. is isolated, from. all, other conductors, ¢.g., set up ashore im a suitable 
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position, it /is: clear that this will be obtained ‘by making the two aerials 
identical in all respects. If the aerials are set up in.a ship: the influence 
of .other conductors in the vicinity of one :aerial may: be: considerably 
greater than that affecting the’ other, Consequently, in order: to keep the 
receptive powers of the aerials equal it may be ec une to employ ‘a 
smaller loop for one aerial than: for the-other, 


To AB Aerial, 


Fig. 7. 





TOAB Aerial. 
Col connected to AB . 


p08: a 
rene CD Acriad shown plain. 
Search Coibesphaon thas, f 
Sted i te at to Search Git. 


Tf Acrial AB isin rueNS line, xero of vi 
as determined. by pointer, will give oue 


I Aerial ABs tn fore and aft Dina ofl neve of 
a will give beoving of station relative . 
ots course. 


Assuming that the resultant field in the two aerials gives the direction 
of the transmitting station, then by joining the two coils of the radiogotti- 
ometer to their respective aerials so' that the current in each aerial’ passes 
through ‘its radiogoniometer ‘coil; the’ resultant ‘field can be faithfully 
reproduced’ in a’ concentrated form in this instrument. The’ direction ‘of 
this field, that is; the bearing of the’ station, is obtained’ by revolvirig a 
small coil, known asthe search or exploring coil, to which’ a ‘pointer 
travelling over a ‘scale ‘marked in de ees, from’ 0 degree to 360 degrees, 
is attached. ‘Fig. 7 shows the scale and diagrammatic plan ‘of a tadiogoni- 
ometer, It is’ usual'to determine the zero position of the signals in ‘takin th 
directions; and ‘if the search’ coil pointer is ‘adjusted at 90 degrees to th 
plane of the’ search coil and’ if the aerials ‘at’ the’ station’ are ‘set’ ti 
shown in°Fig. 7; the ‘zero signal position as determined frotn the po Teng 
will give the actual true ‘bearing of the'station or its reciprocal in degrees. 
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If the direction-finding apparatus is set up in a ship with the plane of 
the ‘aerial: in‘ the fore and aft.and athwartship lines: the pointer will give 
the bearing of the station relative: to the ship's course at: the instant: of 
receiving the signal, and the relative — must be, corrected accordingly 
to give the true bearing. 

A means of ascertaining the course of the ship’ whilst taking the: bear- 
ings must, therefore, be: available, . In order to obtain’ maximum: sensi- 
tivity for. ‘work at long. ‘ranges the: two loop circuits; each formed: by one 
aerial and its corresponding radiogoniometer coil (Fig. 5). may, be _ 
separately, by a condenser :in each: circuit, ' to the wave-length of the 
transmitting station. It is essential that the tuning! of both circuits should 
be exactly the same, as inaccuracy in tuning will result in inaccuracy 
of bearings. To carry out. this tuning preparatory to taking directions 
the two aerials are excited equally by a small buzzer’ circuit: and the 
tuning condetisers accurately adjusted untjl the buzzer signals are a mini- 
mum in a position known as the buzzer. zero approximatel midway 
between the planes of the two radiogoniometer loop coils: ie sharp- 
ness of this buzzer zero is an indication of the aceuracy in. equality of 
tuning, and the operation known as balancing thé ‘aerials is performed 
frequently by the operator when keeping’*wateh on. the directional appa- 
ratus, and affords a check on®'the reliability of his--instruments. For 
moderate range working, and in general because the operation of balancing 
the aerials requires skill and, if inaccurately carried: out, maybe a source 
of error, it’is ‘a common ‘practice, especially 1 in ship’s sets,,to short circuit 
or dispense with the tunin rat Sorade peers. ‘In this case, once the aerials have 
been definitely fixed and the calibration of the direction finder (an opera- 
tion similar to that of adjusting a new ship’s compass) has’ been carried 
out, the only. adjustments required prior to the determination of a bearing 
by "the radiogoniometer are- those appertaining to the wireless-receiving 
circuits attached to the direction finder. ‘ 

These may be cofifined to a ‘single adjustment in order to simplify the 
use of the apparatus. Attached to the search coil of the direction-finding 
apparatus ro the ing an porte 3 y ave yan sot of a tuned sthough 
ing a mac ee ‘and amplifying’ ‘circuits’ This apparatus, alth 
differ Gaal con bly from the ordinaty wireless-receiving apparatus, 
follows the usua’ pease of receivers’ employed ‘for ‘ordinary wireless 
telegraphy and does not therefore need describing. But since the recep- 
tive ‘powers of ‘a comparatively ‘small loop aerial such 'a$ ‘can be used. in 
direction finding ‘are very much inferior to those’ of ‘the ordinary: type 
of ship or station-eatthed ‘aerials,’ the supply of ‘signal ’ ‘amplifying appa- 
ratus employing several vacuum Valves is not only’ desirable bat ‘an 
ome feature of ‘the direction-finding’ réceiver. ' 

The foregoing explanation covers the principles and’ operational: dais 
of the types of direction-finding wireless telegraphy known as the direction- 
finding station type and the Beacon ‘station ‘type. Up to the present’ these 
types, which comprise’ dir l-receiving ‘aerials and’ tus either 
on-'shore ‘or’ in’ a vessel; ‘are ioane chine be 
followed in ‘communicating with’ ‘a’ direction-finding ‘type station is that 


the ‘ship desirous of sean pein calls‘ the shore’ station by her 
ordinary ‘wireless tel ve od Neue ing; ‘the: station ‘indi- 
cates by ‘wireless’ ee it + the on 
then transmits ‘her call sign ‘during whic! 

time the’ station ‘a ns the no aratus ‘and 





transmits ‘to ‘the ‘vessel ‘by’ bene a tt fing e time ‘at 

which’ the’ bearing was was observed. | £' the’ hove settee’ “simultaneous ‘bear- 
ings from two diréctional’ shore’ veebeaae: $0 as to iba he her 

she’ calls up the controlling’ station “fact. 


‘of 
Both stations then determine Seaubaiecady Ty aes theif” Saeeate finders 
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the respective bearings of the ship: The controlling station ‘collects: both 
bearings (a dand* line» is used between: the shore stations) ‘and: either 
transmits ‘to: the ship: the two bearings» and! the: time: at’ which they: were 
determined, | or, if: equipped: for the purpose, determines the position as 
obtained from the two bearings and transmits.it to the ship. 

With ‘a station: of the: “ beacon”: type: a: ship fitted» with directional- 
receiving apparatus:can determine by the: radiogoniometer of her appa- 
ratus, her bearing at any: time corivenient from a known ordinary wireless 
telegraphy’ station, or from:a beacon ‘station transmitting at routine times. 
The bearing as obtained is: the angle between the: course of the ‘ship; :ije., 
360 degrees’ on ‘the agri gore or the fore:and aft line of the: ship, 


Fig Samet OE ERE SUS 





and. the direction or the station, ‘and. this angle must be applied. to...the 
true course. in order to,obtain the true bearing of the. station (see Fig. 8); 
A similar procedure. may,,be adopted with two or more, stations when it 
is desired .to, obtain a fix, the bearing. of each station being observed; in 
turn. 

In.the place, of, either of. these two types using an-ordinary transmitter 
and. a directional receiver, there.is, as.already mentioned, a third. typeof 
station.using the ‘converse of these two principles, Instead of the ordinary 
transmitting station: ‘from. which. signals., are, sent..in all directions, .a 
special station is designed capable. of, transmitting signals having a maxi- 
mum amplitude, in_one direction, anda a aipeaeai amplitude. in, a, direction 
at. right) angles, .. Fig..:9 bene in plan fy. the magnetic, field 
spreading out.from a8) Srsinany anmitting aerial . of,symmetrical., form, 
and Fig..10 that | for dicta transmitting Sa marge of, this, type, A 
receiving, station at,C or D afore the signals at maximum strength, 
and at A.and B, will .receive. the, mpipinsat minimum..or, urea. strength, 
It. may be convenient to. rarest, this field. as..a broad. light, me 
2) Dee By invensiby at,.C .D, and being obscured. to i et ag i} 
then, th 4 or beam, shown, i Fig. 10,is, transmitted continuously while 
revolving aff a fixed angular. ve bape the, zero, or obscuration, position 
passin theo ugh theline A Blatd nite. a. ship, knowing. these times, 

her, bearing, from .the. station by. observing ran pene 
aed jad: the definite. times mentioned. and the, time, at which: zero 
signals are, received as the beam Battee: ae north, and; south, Kor 


example, suppose the vig south line, at, suc- 
cessive exact, po shi hat the, in gO gh i nen a 
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synchronized with the time at es ge ge a Avanimaitiinie, station; - 


then if’ the ship receives zero pte 38 is, loses. the ‘sound of the: 
transmitter: inher ordinary. ‘wie apparatus). at, say, each 
twentieth‘or fiftieth second during the poeglars, vand succeeding minutes, 


then the bearing of the: station: is 20/60 or pee 360° degrees, tz., 120 
degrees or its:reciprocal. By obtaining in, the ‘same manner her. bearing 
from another . directional ie sous! dtation ‘suitably .placed and trans- 
mitting on a-similar procedure -immediately after: the. first :station, the 
ship will be able to fix her position... The principle of the transmitting 
apparatus just described is somewhat’ similar to that of the Bellini-Tosi 
direction-finding receiver. Other. principles: may” be employed, but the 
method of operation inthe ship willbe more or less similar. At the 
present: time Great Britain has no directional transmitting station. in 
actuak operation. Germany had three, of these: stations during the latter 
part of the war, | 
The advantages of the directional-finding station type are that for 
using it a ship requires no special acters Bacon apparatus: beyond 
her ordinary installation and no ‘special skill or training is required by 
the ship's staff. The apparatus in the ew station is worked: under 
stable and favorable conditions, the loops in the station:can be made large 
and thus give greater accuracy and the station can carry a skilled staff 
practiced in taking bearings, thus taking responsibility and informing the 
ship, The disadvantages are a as ordinary wireless is used congestion 
on the wave lengths’ used by the’ stations. may’ be caused when’ several 
ships are asking for positions, as any one set of directional-finding stations 
can only be used by one ship at-a time. Further, ships can only use the 
stations at ranges well within the maximum of their transmitting installa- 
tions. Also, if the shore stations’ si the bearings.only and not the 
position the ships will need, special charts or special tables of correction 
as the-bearings obtained are ‘the Great Circle bearings at the shore stations. 
Special charts, &c., will be unnecessary if the shore stations are organized 
so as to apply the corrections to: the bearings and- wgnal directly the 
pee of the ‘ship. 
the beacon station type the advantages are that any: number of: ships 
on obtain their bearing or fix their position simultaneously from one 
station or set of ‘stations. A special. wave-length can be allotted to ‘the 
stations so that congestion with ordinary ship communications will’ not 


arise. Bearings and positions can - obtained at longer , since the 
method isnot limited by the shi nr eon tied range the ‘stations 
may be made more powerful. disadvantages of this type are that 


special directional receiving apparatus is: fequired in’ a ship, This appa- 
ratus will need calibrating and occasional ‘checking. Alterations in posi- 
tion of conducting material such as derricks, wire ropes, &c., in the 
immediate vicinity of the aerials may affect accuracy and necessitate 
re-calibration: The bearin bearings: are relative to the ship's ‘head, and”a’ pes 
method of obtaining: the ship’s course while actually determining th 
bearing must be: available at tee direction-finding installation: The ship's 
staff will need practice, and some technical skill in determining bearings, 
and must accept the responsibility for their accutacy.. Ships must carry 
special charts ‘or tables of special corrections as'the bearings: observed are 
those of the ship's end ‘of the Great ‘Circles. eri 
The directional transmitting station type has the: advantages that any 
number of ships can obtain. their bearing or fix their positions. simu!- 
taneously: from ‘one station or set of stations. Congestion of communi-— 


cations uae ee pig tic $ oe the stations a special yp ta Bear- 
ings and pedione: can obtain ranges maki stations 
sufficiently’ powerful. No et smart ate om Be is required 
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in. the’ ship. *' ‘Although.’ some: practice -and.a little skill: are’ requinéd: in! 
taking the observations, they may. be: made directly by the bridge staff 
pee relying on the. ship’s wireless operators: The: disadvantages of 
the type are that a ‘special‘kind of watch is necessary, and for accurate. 
bearings exact timing:of this watch and:exact observation of the interval 
are required. -Moreover; specially-constructed shore stations are required, 
and ‘these must be suitably placed: to. enable a fix to be: made. Ships will 
also meed''special charts or special tables of corrections as the bearings 
obtained‘are the great ‘circle: bearings at the shore stations. 
As' to the reliability of bearings obtained by the methods above de- 
scribed, errors may arise from ’two.causes; first. by mistakes in estima- ° 
tion’ of the bearing on the part of the operator of the direction-finding 
receiver ; secondly, by wave distortion, i.e., the direction of arrival of the 
waves at the receiver being distorted from ‘the direct line joining the 
transmitting and receiving station, With regard to the first, practice and 
experience ‘are essential: : Assumitig’ that the directional’: set has <been 
calibrated and the: apparatus and aerials are well. maintained, the maxi- 
mui error in fixed stations: with practiced operators.can be taken as 
2 degrees, and the average error as less’than 1 degree. In ships’ sets 
with small aerials the avetage error is slightly greater. With respect 
to the second cause errors due to wave distortion are negligible by day 
when the bearings are over water. Bearings obtained during day and 
from a station suitably placed so that no considerable line of land inter- 
venes can be accepted as reliable if they are competently taken. These 
are the best conditions for direction-finding wireless working. If choice 
permits, bearings should be obtained by day in preference to night, as night 
errors up ‘to 5 degrees, and occasionally more, have been recorded. How- 
ever, at short ranges of 50 miles to. 100 miles over water the night errors 
are generally small, and bearings can be accepted as approximately correct. 
Times within 1 hour of sunet and ‘sunrise should be. avoided if possible. 
Bearings over land, unless it is flat, are less accurate than those over 
water. This is especially the case with night readings. High land: close 
to and between the transmitter and receiver is a cause of error. Conse- 
ant, bearings should not be obtained when a vessel is close to high 
iffs 
The estimated: cost of a dixectinaciading receiving station is from 
1,2001.. to 1,500/., and: for a self-contained station with direction-finding 
receiver and transmitter complete’ from. 3,000/. to 3,500/., whilst that of a 
shore directional transmitting station available for long-range working 
and therefore: requiring. a powerful transmitting plant is approximately 
estimated at from 12,0001. to 15,000/.. As regards ship’s direction-finding 
sets, the apparatus required on board includes a twin direction-finding 
aerial system consisting either of fixed wires or of large rigid frames, a . 
small room or cabinet (preferably not used for other purposes) and an 
operator.. The complete receiving ese ete comprises wireless direction 
finder, tuning apparatus, receiving and amplifying set—these may be sepa 
rate or combined; accumulator batteries for the receiver (4 volts~to os 
volts, 50 ampére-hours to 100 ampére-hours, dry batteries, switches, spares, 
&c.; small charging and switchboard: plant for accumulator batteries (these 
may be either charged from the electric mains of the ship or by small motor 
generator sets supplied from the ship’s mains, or, if electric current is not 
available, a small interaal-combustion generator. will be required) ; and tel- 
ephone or buzzer communications with the steering compass position, unless 
the receiving room is situated.on the bridge with an immediate access to.the 
steering: compass: The cost’ of this apparatus “with.. batteries, leadine-in 
insulators and aerial is estimated at from 200/. to 300/. . But this does not 
include cost ‘of. installing it—“ Engineering,” September 2; 1921. 
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THE: ZOELLY :STRAM: TURBINE CONDENSING ‘LOCOMOTIVE. 


An, interesting locomotive is, being put,through trials,on, the. Swiss. Fed- 
eral Railways, consisting ofan engine fitted with)a, steam) turbine and con- 
densing plant.) This engine has been designed and constructed -by the: Swiss 
Locomotive.and Machine Works, Winterthur, in conjunction with Messrs; 
Escher Wyss,and Co., of ‘Zurich, Through. the. courtesy) of, the former 
firm, we are able to give some notes on its de velopment. . : 

The development is the outcome.of work. by Dr.,Henri, Zoelly, president 
of the Société des. Ateliers. de Constructions, Mécaniques,, Zurich,..as a 
result of the coal shortage of 1918. A locomotive: was, placed, by the Swiss 
Federal. Railways,.at the disposal of the Swiss. Locomotive. and Machine 
Works, and Messrs. Escher Wyss,and Co,, for modification, to: Dr. Zoelly’s 
designs, .The. locomotive frames. carry. the boiler..in..the, usual way,,and 
afranged in the front of the smoke-box, disposed..across.the. machine. will 
be noticed the steam turbine. The latter drives through double spur, gear- 
ing.a,jackshaft .placed, across the. frames, which .,in ;,turn,: transmits; the 
power. to. the driving. wheels. by means of side.rods... The surface; condenser 
1s SrsAneeAl between.the frames, under the boiler; the simplification of gear 
due to the. use ofthe turbine making this space available. . The. condensing 
water, of wbigh the temperature is raised. by the steam, is cooled. again 
by a current of air produced by the movement of the locomotive. ©. - 

The.a s in which this is effected is a long wrought irom casing, 
which will be seen on the tender, containing in its upper part a numberof 
distributing tubes. Circulation is maintained by a small steam turbine- 
driven centrifugal pump which draws the water from. the tender tank, 
passes it through the condenser and then passes it back to the re-cooler on 
the tender. ‘The pipes in the latter have small perforations, and a fine spray 
of water is ejected into a current of air’ resulting from the speed of the 
locomotive. The loss of water as a result is said to be about one-half of 
the quantity required by the usual form of locomotive. — 

The locomotive has, up to the present, run trials fo cone aro 
$1,0 ton-km., in ordinary. railway ene, ad we are informed am 

ensing plant, circulating water re-cooler- and. the steam turbine -have 
or oven nae successful. A good vacuum is said to have been obtained and 
maintained while running, and. considerable economy over existing super- 
heated, steam locomotives is expected. Owing to the smaller consumption 
of water Jess:has to be carried for the same. distance, while the boiler has 
the, advantage: of being. supplied..with hot, feed in the..form,of,the con- 
densate, This is at a temperature of about 50 degrees.C., and isiclean, and 
free from. oil, It.is. pumped, to the boiler after having passed through a 
tubular feed heater, in which its. temperature is further raised to, 120 
degrees. C.. As. this condensate is used, over and over again and the ‘loss 
only -has: to. be: made good: with fresh water, the incrustation \in the. boiler 
should. ‘be :considerably reduced.—‘ Engineering,” August,19, 1921, 





IMPROVEMENTS IN DOUBLE’ BOTTOMS OF SHIPS. 


Generally ‘the strength .of a ship's double, bottomhas to be. greater to 
meet: local :conditions: than would; be ‘required, for, it .to,take, its part 
adequately ini the main:structure. | Several -attempts:-have been, made for this 
reason toylighten the construction by reducing the cross-connection between 
the top, or'inner, and the outer plating-of the bottom... Accessibility ‘has 
also, to be kept in view, and with.a view: to.improving. this while. providing 
ample cross-connection, Sir Westcott Abell,.chief surveyor of,Lloyd’s 
Registry of Shipping, has devised the system of construction illustrated 
in the engraving. This: system of «construction consists» in employing 
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several braced bracket frame floors between lightened plate floors.’ One of 
the latter is shown at the back of our figure, while four braced bracket 
frames are shown on the near side of the model, braced by ‘means of longi- 
tidinal’ side girders, and rectangular ‘bracket ’ plates fightened by oval 
openings. In this’ design of double bottom framing a considerable part of 
the ‘system ‘of ¢eross-connections is arranged jn a longitudinal direction. 
The design enables the’ spaces an to the intercostal girders to be kept 
free and thoroughly accessible. The longitudinal side girders can be fitted 
continuously for at least five frame spaces, and if double riveted at the ends 
@ portion of them might be deemed continuous throughout, with a conse- 
quent saving of material. It is considered advisable at present to retain 
solid floors at every five frame spaces. One reason for this is that there 
is likely to be a line’of hard points at the end of each rectangular bracket 
plate and also below the longitudinal fp hrdng and the fitting of a through 
floor will localize the areas over which such rigid points might cause un- 
evenness of stress distribution. 

The design has advantages as regards construction. The bracket frames 
can be ‘built in one piece’on the ground and the intercostal girders’ slipped 
into: place later.’ It also lends itself well to mass production and general 
templet work since the bracket plates can be madé'in numbers, similar for 
at least a good portion of the length of ‘the ‘hull. It is estimated that for a 
ship of 400 feet’ with only one side girder the weight of material would be 
little affected, but with a larger vessel, 500 feet, requiring two side girders, 
a probable saving of 50 tons might result with this construction.—“ Engi- 
neering,” July 8, 1921. 





MECHANICAL REDUCTION GEARS FOR WARSHIPS AND 
MERCHANT SHIPS* 


By Joun H. Maca.prne. 


Since writing the foregoing paper valuable evidence pct Bee whole 
position has been published. This is contained in Messrs. Walker and 
Cook’s paper on “ Mechanical Gears of Double Reduction for: Merchant 
Ships” (vol. ¢xi; p. 369) read before ‘the Institution of ‘Naval Architects in 

and ‘in ‘the discussion of their ‘paper (vol. cxi, p.'347) ; also'in a 
letter by’ Mr. S, K. French, general superintendent, Propulsion Machinery 
Department, American’ International rag aero ‘Corporation, ' entitled 
“A Plea‘ for Proper Setting, of Double Reduction Marine Gears,” (see 
“Mechanical Engineering,” March, 1921, page 209). 

Messrs. Walker and k’s paper and its discussion give surprising evi- 
dence of how iy" hrs the trouble with double reduction gears has been 
in Britain. Surely the authors exaggerate the gravity of ‘the situation when 
they say that now “there are several ‘double-reduction sets in actual service 
and running very satisfactorily” (vol. cxi, p. 369); and Admiral Goodwin 
remarks that “the experience of all the leading engineers in the country 
had been brought to bear on the problem” (vol. cxi, p. 347). The marine 
engineers of Britain have held the admiration of the world for a century, 
and my American friends will not misunderstand when I say I regard it as 
an honor and privilege to have been born and trained among them. Not a 
few I have known personally and many by reputation. I cannot believe 
that they have considered seriously a problem so simple and have failed to 
see the real difficulty—that is, the ‘sensible yielding of the . gear-casing 
under the changing forces to which it is subjected. From the first this 
seemed ‘to’ me’the plainly outstanding condition which had to be met in 
designing a good’reduction gear. 





* Appendix to paper published in “‘ Engineering,”’ vol. cxi, page 609. 
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If in trying to find the important difference between single- and double- 
reduction gears the authors confined ‘their attention to the three questions 
they specify (vol. cxi, p. 369)—viz, (1) The energy of the turbines and ~ 
gearing; (2) flexibility of the [propeller] shaft; (3) the end movement of 
the secondary P saan wing need be no: surprise that they failed (vol. 
cxi, p. 369).. The elasticity of the casing, w has large influence on the 
action of all “ rigid” gears, but more on double- than single-reduction, as is 
shown in my paper, is not considered by them: This elasticity is referred 
to only twice; once in the paper (vol. cxi, 1p. 370) and once by Sir Charles 
A. Parsons. (vol. cxi, p 348), and both times with commendation which is 
entirely undeserved. There: is no compensation possible’ for poor tooth 
cutting, and. consequent: ‘irregularities in: the teeth,” or other imperfect 
machining, as is suggested ; and, as I have pointed out in previous writings, 
if the casing changes configuration by the action of the gear it must b 
from altered bearing pressures which, in turn, follow from: ¢ id. dis- 
tribution of tooth pressure: hence, such yield as are commended, infal- 
libly indicate a bad distribution of tooth pressure. It would be a total 
reversal of function if the tooth pressure were to keep the bearings of the 
rigid ya line, as seems to be expected, 

Captain: Onyon, R, N., “had investigated many breakdowns, but had- 
never found fault to lie in the design” (vol. cxi, ‘p. 348). This I can 
readily believe for one would expect to ‘find good design; but, however 
good the’ design of a rigid gear, maintenance of. close enough alignment 
cannot be assured. The authors emphasize by italics the great importance 
of correct alignmentin the paper (vol. cxi; p. 369) and Mr. Walker in the 
discussion “ particularly” wished to emphasize the fact that accuracy in 
cutting and ga the gears was essential, and if this were attained all 
would be well” (vol. ‘cxi, p. 348). No doubt the tooth cutting is of a high 
otder and-I am certain that in ee 4 ‘ease aligning hasbeen most carefully 
attended to in the shop—and, in Admiralty gears, later in the ship, thereby 
recognizing its great liability to change. But, as the paper and discus- 
sion bear ample evidence, it is very far indeed from beimg all well. Our 
anticipation of this difficulty was based on simple theory, but I have shown 
in my paper that the facts were thereby gi Panag for; Mr, French’s 
measurements, which I give in abstract below, have demonstrated the 
springing of the casing and consequent varying errors of alignment beyond 
the possibility of question; ; 

{I may note in passing that the difficulty; so carefully considered by the 
authors (vol. cxi, p. 370) of the alignment of the intermediate shaft does 
not exist in floating frame gears. And that, if the reference to oil grooves 
(vol. cxi, p..370) means that they cut these ‘in parts of the bearing metal 
which take pressure, they thereby only allow the oil to escape from regions 
of higher to those of lower pressure, to the great detriment of the bearing 
action. The bearing should consist of two unbroken sheets, one in the top 
brass and one in the bottom, and the oil should be drawn in by the journal 
from two gutters, one on each side, where pressure never es. Mr. 
Beauchamp Tower has shown, many years ago, that an oil sheet is then 
formed in the part under pressure and Professor Osborne Reynolds has 
oe mathematically that it is. stable within wide limits of 
pressure. } 

I would gladly incorporate the whole-of Mr. French’s valuable letter if 
space permitted, as it deserves most careful study. His observations were 
made on the gear-case of S. S.'Carenco, which was 12 feet 4 inches long 
and.8 feet 6 inches wide on the foundation, A very stiff'tram, 14 feet long. 
was attached to the center of the casing cover, so that it could be placed 
first over one diagonal of the gear (starboard forward to port aft) and 
then over the other (port forward to starboard aft). Vertical movements 
of opposite corners of the casing relative to the:tram were made by Starrett 
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indicators, The, readings ‘he gives are the means of the total deflections for 
five successive: observations. In a table he records’ 19 observations’ taken 
on the voyage, from Glesgow to Baltimore. -These are’ for nearly all direc: 
tions of wind and sea relative to the ship, and from no wind to a gale ‘and 
no. sea.to rough; and in.a heavy long swell with:a light ‘wind. 

For, no wind or.sea all! four readings were 0.002 inch, which Mr.’French 
regards as, showing’ the accutacy of the instrument. . The character of the 
strain varied with \the changing direction of the wind and: the ‘sea relative 
to the ship; apparently. being principally dependent: on that of the sea, as 
we would expect.“ As ithe sea increases the deflectiveness of the gear- 
case increases in, proportion.” He also concludes’ that. long swells “ cause 
deflections fully as great as. when the ship:is: operating in a) storm.” The 
largest deflections noted in the table, the-rolling and pitching being heavy, 
were ;— 


Wipe terete, Wiel) os ies estbes Chee reteset ae bn 0.035 
Starboard -forward, inch:..:. ali ee eR hye Oe RA Pe Maeae AM ee ed 0.022 
Ue BC ch ee ee tee ee eee 0.035 
PMCTIOM ENE TGs MD oes oe res oa erg aes ep ee kas op aa neha +.. 0,021 


There can, be, no, question that.these, strains ‘weré catised by’ similar ones 
buckling’ the ship, longitudinally or transversely, or warping: it~strains to 
which .every ship. is, necessarily liable... Mr. French’s: method did: not :indi+ 
cate the type of strain; but. it, no: doubt, partook of both buckling and 
warping. Inthe paragraph I quote below he is:seen to be definitely of the 
opinion. that/the casing was warped. As I indicated in my paper (vol. cxi, 
p- 641), this strain.is the one which most. seriously affects: alignment and 
to. which the -gear-case offers. least. resistance: Also, the gear. troubles 
which are being discussed prove ‘the prominent presence of warping which, 
indeed, is: inherently. probable:' . It: would, be: instructive ‘to measure: inthe 
shop the forces necessary to givé.ai large casing a sensible strain of: this- 


type, 

The following isa very instructive paragraph: 

“While. this; ship was en route, from’ Baltimore to. Glasgow in loaded 
condition, very: heavy. following: seas. were» encountered; im some cases 
running as high! as 20 feet, at. which time deflections of 0.050 inch were re- 
corded. When! gears :of this: type are: so mounted that deflections of the 
kind under consideration occur, the case is so warped: that. the pinions are 
thrown at an angle with the driving ‘face:of ithe gear;.and at a time when 
the overload becomes: 100; per cent, :diie to surges of thesea on the pro- 
peller, atid with about 50 per cent of the pinion face bearing on the gear 
face there is'an overload on ‘the driving face of ‘the teeth of 400 per cent, 
this (occurring approximately every. 8 seconds.” 

If. 1 am correct:in ;the belief I, stated: (vol. cxi, p. 610) that 1/1000 inch 
is ‘an important :error:of alignment ofa bearing, even in.a large gear, it 
will: be réalized how. very) far beyond allowable: limits. were the deflections 
noted by Mr. French. He-is very conservative in, his assumption that some- 
times only half the tooth face was. bearing. . This is not the beneficent 
yielding of the gear casing “to ease off the effect of local stress” imagined 
by Sir Charles A. Parsons: (vol. cxi; p:.348) but a very strong action due 
to the state of the sea. : ae 

It isnot only by warping of the ship .at,sea that a rigid gear may be put 
out of line. The double check, in shop and.ship, specified by the Admiralty, 
is proof of this. Slight heating of a bearing, unequal. vertical or horizontal 
wear, the loosening or too tightly screwing up of a holding-down bolt, the 
grounding of the ship near the gear-casing, will all, cause mis-alignment. 
All this: I :have ‘pointed. out: in. various, papers, one,-of .which, was. printed 
before the experimental gear was tried in 1909, And. these are all ofa 
kind: which: cannot: imaginably be. obviated by. any; method: of setting, the 
gear, as the title of Mr. French’s letter may be thought to suggest. 
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When one considers. all thisMr, French's measurements’ and other 

causes of bad tooth bearing—there can be little surprise atthe widespread 
trouble which’ has ‘supervened, not at the low tooth pressures experience 
has proved ‘tobe necessary for rigid gears; of which ‘the authors ‘give 
examples ''(vol. ‘cxi,"p. 369); nor’ ‘that experience has prodtced a ‘call ‘for 
“ka these low: values’ (vol! cxi}‘p, -869)." 
_ The San Fernando affords an excellent illustration of the foregoing: ‘The 
impulses from the four-bladed propeller set up sévere'synchronous torsional 
vibration, and a after the first trial it/was noted that the “ gear- 
ing had shown signs of distress ‘at four different points around the gear 
wheel” (vol: ‘cxi, p. 347). ‘Sir Charles ‘A.\Parsons pointed out: the cause 
of the trouble, and the pitch of the propeller was’ increased from 18 feet'6 
inches to 20 feet 6 inches, reducing the revolutions (vol. cxi, :p.' 369) so that 
frpehconises was avoided. On the next voyage, instead of distress being 
shown at four. points, the gearing was marked all round; and we are in- 
formed that this voyage .was run in heavy. weather (vol. .cxi, p, 348). Sir 
Charles Parsons’ explanation is that the:shocks of the:sea:on t:.c propeller 
blades now comé at irregular intervals: But,’ there being ‘now no syn- 
chronism, they would be yery largely withstood by the inertia.of. the pro- 
peller and would reach the gear greatly mitigated. It seems to me-incred- 
ible, considering the light tooth pressure of the Sam Fernando compared 
with that used in floating frame gears, that any detrimental marking would 
take place if unaccompanied by misalignment. Mr. French’s observations 
leave little doubt that the true explanation lies in the warping of the ship 
due to the heavy weather of this voyage. Evidently the ship is sufficiently 
staunch and the tooth pressure small enough to, keep within fair running 
condition in’ the average weather experienced, for we are assured that. the 
teeth have polished up again (vol. cxi, p. 369). t 

How admirably Mr. Hadley .F.. Brown’s evidence, quoted in my paper 
(vol. cxi, p. 641), dovetails into the foregoing. 

The authors’ remark (vol. cxi, p, 369) that the expression “ pressure per 
lineal inch of tooth surface”. (or, more correctly, tooth face) has no real value 
unless the pinion diameter is given. But its value can only be judged -when 
the pitch and all other data of the teeth are given; and it may be especially 
misleading unless the ‘ratio of-length of tooth-face to pinion diameter is 
stated. To take an extreme illustration: If we have a pinion of 10 inches 
diameter and tooth face of 6 inches we may obviously impose a high 
pressure per inch, as the torsional and. deflection-errors are quite negligible 
and, with good alignment and tooth cutting, the distribution will be excel- 
lent. But, if the tooth face is ‘made 120 inches long the deflection and tor- 
sional errors will be very large:and the tooth pressure under other than an 
extremely light load will be highly localized. For the same factor of 
safety the load per inch will be very different in these two 
cases. Still keeping the same factor of safety, the power trans- 
mitted, by this pinion at. a given speed will increase as the tooth 
face is lengthened. from 6. inches;. will reach..a maximum; ..and, 
oft’ still greater increase, will diminish:* From’ careful estimates ‘Icon 
cluded that the maximum is reached for floating frame gears and pinions 
with three bearings at a tooth face of'about four pinion diameters—in this 
case about 40 inches (vol. ci, p. 457). (For a rigid gear this best ratio will 
be less and for a two-bearing pinion very much less.) .Hence a small 
change in this ratio, lengthening or shortening the tooth face from what 
gives the above maximum, . while it will not..sensibly change the safe 
power transmitted or the power constant, will very sensibly change 
the safe tooth pressure per inch. Hence the power constant: should be used 
in’ preference to tooth pressure; and; if the toothy face is short in any of 
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the gears referred to by the authors’ they: were still more lightly loaded 
than is' apparent from the constants given. I have discussed this question 
more fully in:my Glasgow paper (T. 1: E; and: S.1xi; po 345.8) olin 

Sir John Biles endorsed a plea made by Engineer-Captain W.)Onyon 
(vol: cxi, p. 348) “for further information with regard to’ actual experi- 
ence of high tooth pressures.” Captain Onyon seems to doubt the. authors’ 
stiggestion “ that higher ‘tooth: loading: was: quite practicable.” He asks— 
“ Could: the-authors give him the names of any vessels with a.-tooth' pres- 
sure constant [K of the empirical—D rule] of 220, which had. run 20,000 
miles at full power?” While not desiring to interfere with the authors’ 
final. reply I can say that many ships with floating frame gears have much 
more than fulfilled this condition. 

I: give in the subjoined table the data of 17 such ships:— 





* A good example_of what. I; have, stated is the Calderbank gear (vol. cxi, p. 349) 
which, apparently, the authors introduce to show that “considerably higher loa 
(vol. exi. p; 869) could be adopted than those at which some ship owners have baulked. 
First, the Calderbank gear is a land gear, no doubt: om a concrete’ foundation ‘ 
quite free from the. warping which affects a ship’s.keelsons. Hence, even if it, had 
been safe to judge from the pressure per inch and pressure constants given, 1,150 
pounds and 298 peenen respectively, it would have had little bearing on the values 
allowable: in a ship. ; i ; 
But only the pressure and diameter of the second reduction ‘pinion are given, the 
spéed, tooth face and number of pinion bearings, being omitted. The two latter 
‘ are essential to a proper judgment. ‘ : 
he gear is of 760 horsepower and the total ratio of reduction is 


"2,000 
70 


To keep the second-reduction gear small the second ratio might .be kept. as low 
as 4. It is improbable that it was over 6; hut, if so, the pinion was still more 
lightly loaded. 





= 28,57 == 5.35” 


Let / = length of tooth face in inches, 

+ = ratio of second reduction, and 

C = the power constant. 
Then 70 y = R.P.M. of the 14.9-in. pinion. 
We have 


1,150 7 K 14.9.7 X70 r 


2 = 750 X 33,000 





or 
750 _X_33.000 X 12 
1,150 X 14,9 X 70 * 


_. 1.000. 750 _ 3.239 
149° X20r or 


If r = 4,7 = 19.7, and C = 0.810, 
Ify = 5,/] = 15.8, and C = 0,648. 


Cot the tooth face is very short and this gear is under a very light load. 
Reference to Fig. 2 of my paper will show that for C = 3.8, and / = 4 pinion 
diameters, ‘the tooth pressure of a 14.9-inch pinion is 1,550 pounds per inch. With 
a pover constant of 4, which has been quite successfully used, the. tooth pressure 
rises to . 





lr = == 78,82 





c 


1,550_X 4 
33 = 1,879. 


The horsepower is 


= 149° XK 70 x C 
1,000 
According as we chonse © = 3.8 or 4'and r ==\4 or 6, we get values of P from 


8,057 to 4.681; that is, from four to six times the power of the Calderbank gear 
with the same diameter and speed of pinion. ; 


P == 231.56 » C. 








NOTES. 
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Complete data of the ships with floating-frame gears would greatly 
extend this table, the large proportion of such ships having sailed over 
20,000 miles. The mileage ir many cases would have been greater, but it 
was found when collecting the data of mileage for this paper that the 
shortage of freight had caused a considerable number of the ships to be - 
laid up.* No doubt the sailing distance to date of some of the ships is 
considerably greater than given in the table, 

The values of K inthe table are for the second-reduction pinions at con- 
tract power and. speed and do not include the 10 per cent to 25 per cent 
reserve power in the boilers and_turbities.. Hence, in some cases, the actual 
values used may have considerably exceeded those given. 

Under “ Remarks” it will be found that the gears of the Agawam and 
Wathena were replaced soon after the ships were delivered. These gears 
originally had the fong addendum -teeth in the pinion which, for reasons 

iven in the body of my paper (vol,-cxi, p. 640), are very liable to score. 

he new gears were of the same design as the original except that the long 
addendum tooth was displaced “by one: placing the arc of contact in its 
proper position. ~ Be : 2 

The Westinghouse: engineers inform me that only in the case of the 
Ipswich did any teeth break in the second reduction pinions. In this case 

e steel had evidently been burned. - Usually there is slight pitting which 
appears early and soon stops, after which the teeth continue in good con- 
dition with no sensible wear. In. the few cases where:there has been sen- 
sible wear it was found that the hobbing had not been of the highest class. 
Where lubrication failed the teeth usually scored but always rebrightened 
— it Mes re catenin fing vib 

n studying what the ‘authors say regarding vibration, one is impresse 
by the fact that the large part of the difficulty arises from the rigid con- 
nection of the turbine:to the. gearing, and from the great energy of rotation 
of the turbine. The propeller shaft is the miost flexible part of the mechanism 
and they quite wrongly state (vol. cxi, p. 370) “to provide this flexibility in 
any other way is almost impracticable.” ©Ag stated in the last paragraph 
of my paper, the ‘simple introduction of an elastic shaft between the tur- 
bine and pinion it’actuates completely avoids the authors’ difficulty. It is 
a great safeguard against serious vibration: so much so-that no evidence 
of synchronous vibration in marine floating-frame gears has come to my 
knowledge. t—“ Engineering,” July 29, 1921. 


DURALUMIN: ITS PROPERTIES AND COMMERCIAL 
POSSIBILITIES. 


By Wuui1am B. Srovur.t 


A material one-third the weight. of cold-rolled steel yet with the sam2 
approximate strength characteristics ; a metal which can be heat-treated to 
higher physical properties, yet by a process which does not take effect for 
an hour after treatment; a‘ possibility for much lighter and at the same 
time cheaper production in certain lines of manufacture; and in a few 
words you have a picture of the future possibilities of the new copper- 
aluminum alloy kfiown as “ duralumin.” 


*The. statement in the of my " t “many of the ships have sailed 
between one and two Tandecd. thoussad niles” val. cxi, p. 641) was founded on 
data furnished me in which the distance sailed had been in part estimated, not 


knowing of those laid up. I regret this eration. It is found now that only 
/ nine ships are certainly known to have excee 100,000 miles. 
t in the case of one geared turbine driving a erator on land, so far as I 


know, did the normal speed nearly coincide with a critical speed. and produced. con- 
siderable vibration. The He ae! needed to change the critical speed was obvious. 


tPaper presented before American Society for Heat Treating, Indianapolis. 
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Receiving its first impetus in: the development of aircraft abroad, and 
particularly by the Zeppelin firm, this! metal has been’: ected in ‘this 
country to a point far ahead of: the: German product, ile the work in 
aircraft of both the: airship. or we te type, ‘and aeroplatie or 
psu aah ap wig machine, has’-develéped’ processes ‘and methods now 

licable to new lines of production. 

he new alloy. can be rolled: into sheets or. forged’ by’ hand press or 
power hammer: It can be cast, welded and:soldered, while rivets of ‘the 
same: -material: used with it show new production a on account 
of the peculiarity of the heat treat resultants. Connecting ‘rods have’ been 
made of it}, using the metal itself for wearing surface wi ‘anti-friction 
metal... These jhavé operated successfully ‘in’ both motor cars and aircraft 
engines. Worm gears have been used made ‘of “dural” as it'is coll wially 
called, and’ used: in heavy’ truck service successfully: egalivr steel” ns. 
Timing gears of this metal show new: possibilities of both wear and quiet~ 
ness, but the. most use has) been: in’ structural: shapts’ for ultra-light con- 
structions, The metal itself costs about five times’as much as ‘cold rolled 
steel per pound,.| For production work, however, remember that but ‘one- 
third the, number, of pounds is tised for ‘the same strength result, while’ the 
‘material being, much easier to work: than’ steel’ in: most of ‘its forms saves 
materially on labor, teol cost; and tool depreciation, and on enough produc-— 
tion .items,.so that in many cases: constructions can ‘be made mae of 
duralumin than of. steel; 

The work we have been following has: been entirety along the line of 
minimum. weight structures of fairly large size for aircraft tat The 
saving of a pound in an aeroplane structure means the addition of a pound 
of fuel in flightor a pound-of pay :load, so that in aircraft:more than 
anywhere else minimum weight i is a vital item. Strength i is, howéver, no less 
fundamental;.as.an aeroplane in flight at high ‘speed ‘is subject to’ stresses 
far greater than those imposed on an automobile on‘ the road or any form 
of ‘present transport. Imagine ‘having to build a motor truck of two-ton 

capacity that could rurtacross a ploughed field:at 70 miles an hour without 
breaking. .up.: This alone Heston hrs some:engineering problem, yet some 
modern planes of the bom fase desleghed totdiecadsde do this. 

Structures are now Pein baal built. of ralumin. which far exceed former 

res in’ wood and. yet! which are: lighter thanany previous 
wookaliited loth -acroplane constructions..\We have: at present in process 
machines capable of carrying tw passengers at two miles a minute for 
five hours; and: fitted: with six hundred horsepower’ engines, yet the whole 
machine weighs but the'same as a Cadillac touring.car. The’ entire secret 
of the’ weight result is of course not all in metal, but it is ‘safe'to state that 
the _— weight: figure: could not: have ‘been: reached: with our present 
knowledge with any other known material. 

Many. have ‘preferred steel’ in their experimental aircraft work on the 
pet t steel in tensile:strength was stronger than dural even weight. for 

weight. -This-is so, but the» problem: of strength in a\-structure is not 
ordinarily ‘of tensile possibilities but df column. or compressive: strength. 

For the same: weight; duralumin has about three times. the cpreumcaen of 
even Fesidestied boiler plate counterpart, and: five or six times the section 
of ‘alloy steels of high tensile. The rigidity of: a sheet is dependent on its 
thickness very largely, and while dural is a much more flexible material 
thati steel in equal sections, yet with the greatly increased: sections used for 
equal:strength a much greater rigidity is | obtained than ‘with steel. 

Forsexample, we have produced ‘a rolled section, designed for a maxi- 
mum: column: ‘strength, ‘and »yet ‘of such shape as’ to fit: production reduire- 
ments. This section of .035 thickness’ of metal in:a/19-inch:columa miot 
weighs ™% ounces ane ‘will re spon rach lear rnd Sal nat tye se 


y 
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steel of high alloy,,its thickness would be, so far ‘as‘tensile requirements ‘go, 
about .009, .a.too great fragility to be trustworthy in a stricture on account 
of the lack of rigidity of such a thin wall, ; 

Duralumin, as we see it; looks very’ like aluminum except that it takes''a 
high polish, and that-when polished the glinting red of the copper ‘in’ the 
alloy can be detected. 

The polish ‘in ordinary atmospheres is permanent, the metal being’ ‘non- 
corrosive to a very high degree: In the tempered state it is almost’ im- 
pervious to salt spray, though: in the annealed form salt water affects ‘it. 

The chief difference. between this: and: previous aluminum alloys ‘is’ its 
property of-having its, physical characteristics materially changed 'by proper 
heat-treatment. .-This heat-treatment in: itself» acts ‘differently’ than. with 
other, metals, leading’ to some peculiar production possibilities. |. 

Like all new things, this metal with its: peculiar properties has’ certain 
assets and definite: liabilities, ‘but even its ‘liabilities, in some cases, cat ‘be 
termed a profit, provided: the structures: made! of the metal are designed to 
fit the peculiar requirements ‘of the alloy. 

The, most ‘marked difference: in’ the metal is that the change in physical, 
properties following ‘heat-treatment is not instantaneous ‘but very gradually, 
rises. to a:maximum after about four days, and during this period not onlv 
is the tensile: strength: increased as high ‘as'50 per cént' or more, but ‘the 

’ elongation increases ‘from 600 per cent to’ 300 per cent. More than this, ‘the 
metal in its heat-treated form can be re-heated and softened for passing 
through . mechanical »processes not’ of too violent a nature, and’ at the 
end ofone hour: come back: to its original» tempered characteristics: 
The fact that the extreme’properties of the°*metal are not reached immiedi- 
ately,.as:in ‘most metals, is of great ‘advantage commercially, as will be 
explained later. ; 

The: heat-treatment | of. the metal,’ or ‘tempering, ‘as it) might ‘be’ ‘called, 
consists. of heating the metal to: 920-940 degrees F. for from 7 to’30 
minutes, the time being: governed ‘by:the amount: of metal in process, ‘The 
material is then quenched in boiling water: ‘It is:then removed from the 
quenching bath an worked upon'as soon as possible,’ In'from one to two 
hours’ time’ enough hardening will-have taken place so that it will be diffi- 
cult to work the:metal: Where the time involved in making up the piece 
does not exceed: one‘hour and where the bendings or hammerings dare: not 
too severe, this process isa thoroughly feasible production method: f 
This allows us: in our’ aeraplane work; for example, to heat-treat a coil 
of sheet metal ina bath of sodium and potassium nitrates, quenching ‘in an 
adjacent tank of boiling water and‘ uncoiling the sheet or strip, start: it im- 
mediately through the rolls which form: it into the shape desired, having 
our complete: process:over and the spar ‘ready’ for aging within’ 20’ minutes 
from the beginning of the operation: t 

It is not.my intention to: go:into any! of: the technical details: or: metal- 
lurgical study. of :the scientifie side of this new alloy, but rather to’ point 
out the numerous possibilities opened up by »its use and to describe and 
explain’. some ofthe» results .and) processes: ‘now ‘being ‘obtained with 
duralumin, primarily: in. aircraft work.» Iwill only state that the ‘metal 
itself) is nothing: other than a copper-aluminum alloy, the copper running 
about 4: per cent, and: some magnesium, but. -with zinc as the most detri- 
mental /:comporient:: For this; reason, duralumin is made only from’ the 

ést 99: per cent aluminuni, so:that the impurities in each of the alloys 
rom which the metal is formed will not build up a detrimental —— 
Tt: isthe inability, ofthe Germans ‘to obtain pure aluminum which has: hin- 
dered their duratumin alloy from equaling the figures obtained: in .every- 
per ‘fromthe American product. ; ait veteritt 

‘Phe metal itself, however, was developed in’ Germany from an’ original 

French laboratory development. The first real commercial use to which it | 
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was/ put, so fdr as the public was coricerned,) ‘was in the metal! ships of -the 

Zeppelin Company.’ One of: the reasons for the slow development ofthe 
' Zeppelin, aside: from the we oe ee of airship design itself, was the neces- 

sity ‘of! developing the uiieeed men ce and it is certain that 

has.as many: idiosyncrasies:as a’ New 
England spinster, as vgn as being as temperamental as a coloratura 
soprano from Grand Opera. 

In the early metal considerable trouble was had with corrosion and with 
sheets, seemingly without reason, granulated, and until:the properties and 
difficulties: were worked out, structures built of the material: were / ‘more 
or less :ti¢ertain and required frequent »inspection: » This is: still: true in 
very thin gauges which are not very carefully heat-treated, but with Pieces 
of any real section, corrosion is now an almost unheard-of thing. ” 

In the. following outline I will give merely our own experiences with the 
present liabilities of the material and: things tobe’ watched out for’ in its 
use, but'in ‘criticizing I would, at the same’ ‘time, ‘state my belief that 
duralumin and derivatives which ‘will s from it will: form nndoubtedly 
the tmainstay ofall future Higbieelgkt developments ‘in ria tune os 
kindred strictures, and that the use of this metal will grow: by ae ee 
bounds’ ‘as its marvellous advantages in both struct ure and’ pr action 
become: a generally known and understood. . - 

The main trouble had with duralumin is more or fess similar to the 
: problem met in other alloys, that is, the presence of impurities in the ingot, : 
or ‘air. bubbles, small in, their ovigi nal. forms, but which, when worked out 
| and forged into thinner sections geen into serious defects. 

Most of our material is of .035 ‘stock, so that a very small speck of dirt 
can, make. a seri aa fer i ets ees aes very smallair bubble can 
make considerable, pipe in the center of the almost impossible to find 
: except by microscopic examination, added to considerable good luck. 
) Most of these flaws do;not show up until after the’ rolling. In this case 
, the greatest stress on the metal in putting it through the rolls is at a hidden 
, point,’ ints that to inspect these spars or chord members a’ dental mirror is 
) used with a ‘high light, and the surface very carefully. examined. “ Fre- 
: quently’ hole as small as the point of @ fine needle can be opened ‘up into 
2 a flaw five inches i sort of etretifiention|! of the metal resulting from 
t 


At the beginning of our work, spar b gejections, for this reason, ran. as 
1 high as 400 per cent, this sig gradually be being reduced, and it seems ‘possible 
n = pee aye Bes that our senate) ye be: seats rs Duuamene 
- ere. no ‘attempt ‘at drawing meta: mer as 
“4 sy ana Gow he meter a exes samber of-rectn 
, cracking. peculiar se cracks ‘may appear: until: a 
! number’ of ‘hours after the piece is made,so that after rolling four days.1s 


- allowed to elapse before can’ be ins ed for: cracks’ or: flaws;:.or 

t before any piece is allowed to be put into actual aeroplane structure, 

d In the design of the’ rolls,also great care must season og gree 

h a degree of draw: between annealings, and that all radii are. of \s 

: " DS ieee hake aterial ing jit: t present. is. the 
ie great: oO m as swe. are us i a 

: presence of ingot flaws, rolled out in-the sheet, which lead to a very high 

e rejection cost.. When this is.cured, we can, say, 1. weet the expels 

rs mental, stage of duralumin is over. As soon as quantities . the..ma' 

ys are. ain mae rolls = en for Tarbes widths. sea a une 

1- present aval le—sixteen inches now 

yo and other. structural. forms. can be made availabl 


# ; nA believe that Tage material, and’, crea ad han ge fo ery it. ‘in, peti lbs 
re r 
it wee ws use sore aera is alrea 4 definite ped ished, new as its 
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use is, and: the all-metal plane'already given preference to the older Hn 
I believe we will next see it in motor ears, at a saving of over hal 
weight; and. in. boats:.and’ busses, street: and: railway cars, bri 

girders. For the time being, however, it.is a material to. watch ooo 
and to make use of conservatively: in conservative lines: of engineering. 





Composition: 
Copper, per centiiw. iid. cvs ei senl. plowed oe eeean 3.50 :to 4.00 
Magnesium, ~ poe bite Doislucsiayg ..cupecort aust wes a aRivtoe 15 
o dMeanganese; per cent... 6. kei. ct. need .40 to, 1.00 
Aluininum’ 0. per ven Pure) iss ped i bededees ese eee Balance 
Physicat broperties: 4 
BRAM cance ames colon neerenpiee ihis a ali caste thaues ciertinieesitedies 23 ei 
weight, pounds ee eae. inch. . 3 
elting Range Centigrade... ..;. ee oo 
‘ompressive Strength t Ebi ght 451 bien ‘b sunsen cP nla 
Shear Value tempered... , .scceeeendews neeeeeesles Sagan 30,000 
Tensile Strength tempered... +... Nae oP Re aR «1,42 80-60;000 
Per, cent elongation tempered, ee BOE sh a a cin Gawincens «16, to. 20. 
Modulus elasticity ....i,-eeehner cree mtn vihreents 10,600 
Coef, “expansion, per. degree Gg. co Psi o SA ois hiker 26 


Yield Rs hist ieess tan caeeeshaeik 2 gh pies” esa a nn 280,000, 
ota «oily? aint Aerial Age Weekly, af October 10, 1921. 
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CONTRIBUTION ON THE CALCULATION oF CRITICAL TOR- 
SIONAL NUMBER OF REVOLUTIONS. 
By Fr. Sass,’ Engineer-in-Chief of: the AEG: ‘Purbine' Factory, Berlis. 


The present’ paper. presents a.process for..greatly shortening the. ‘ime 
required, for computing: the: ‘critical, torsional, write of -reyolutions., of 
multiple crank engines!’ The process :is based .wpon. the ,combination..of 
any desired numberof small:masses: into a single, substitute: mass,of known 
tig which varies with the rate of ie ae Tables are; given, for 
met determination . of ithe ineduced Jength of the cranletd, Portions. of 
e-shaft, >> 
The investigation of : power! engines for critical torsional cama, of 
revolutions ‘was first given: 'special attention ‘in /\Germany:: during the» war 
when ‘it ‘was found’necessary in building engines for FE aquarebaangg re oer} 
fully ‘redesign ‘their’ shafts: for ‘torque! vibrations » which salways: indicated 
dangerous’ rates of rotation. ‘The data collected) by the German oil engine 
industry in this connection is| of value» at the present timie because ‘oil 
engines are being more:and more ‘used’ in»merchant ships, and an engineer 
who’ holds’ ‘a responsible position ‘in ‘connection with the building of such 
engines is in duty bound to assure himself that ‘his-engine:is not im danger 
of reaching a critical rate of rotation, Gumbel has furnished a graphic 
veiead which enables us ‘to ascertain the characteristie rates of-oscillation . 
LS ae hie. pp des were ‘and: also''the’ critical rates of rotation of a 
shaft carrying’ any desired number of masses. «Geiger “has. supplemented 
the ‘process and sul ke other things furnished data regarding the conver- 
ion of ‘the’ cranke ope fie shaft’ into torsionally ‘elastic plain 
shafts ‘of reais peiwen ‘Strictly speaking, this process~ can be’ ‘regarded 
only as an approximation, since it ighores ‘the ‘damping’ forces and also 
es certain assuinptions, ‘such as the spinescent stribution of the 
separate masses about the axis of rotation which, iti actual practice; is! ‘not 
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true of all masses. / This does not; however, ‘lessen its value because ex- 
perience has shown that the: critical rates of rotation computed: in accord- 
ance'with this process \deviate: but very :slightly from those observed... In 
many of the experiments made’ by the Allegemeinen,' Elektricitats-Gesell- 
schaft: the difference between the computed and measured rates of rotation 
in: the most important: instances amounted to. not more, than 2. per, cent. 
The simplifying assumptions are. therefore fully, justified, especially. as 
without them it would have been practically impossible to make the calcu- 
lations. y.a9"\ 

In—spite- _of these- simplifications, however, the process_requires consid- 
erable time,.especially in the casevof multiple crank marine engines having 
several heavy masses attached to them, such as fly-wheel, dynamo arma- 
ture, propeller, etc. In addition to the computation of the ins for 
the conditions to be met on the testing stand, perhaps with water brake, 
it will frequently be necessary to retest: the installation thoroughly after 
it is built into the ship.-Even though in stich cases a large part of the 
data first obtained-cdn sometimes be -uSed in the second test, this ‘cannot 
be done when the-critical rates.of rotation in the two cases show a marked 
difference, for the reason that i in making the first computation the work 
will haye been. limited. to the investigation of the nature of:the-escillations 
in the vicinity of the characteristic rates of oscillation, so that the second 
arrangement, in which ‘the characteristic rates of oscillation may perhaps 
be quite different, will have to be \cosiputed anew. Since the Gumbel 
process is @ process by trial (the installation is designed: for an assumed 
rate of oscillation and the, completed engine is then tested to see if the 
conditions for a given characteristic rate of oscillation are fulfilled) it is 
sometimes necessary to repeat the computation several times for different 
rates of oscillation; 

The following abridged brobess whiclr has Been wssd-wih deiteiagte an 
the deen of quite-diverse power engines—four-stroke- motots for, sub- 

nes, AWo-stroke engines with pistons working .in ite: iitecias, 
team turbines—is based‘ upon, nbi i the smaller 
adjacent masses, such as the compressor cranks and ail the working 
cranks,.or all.thesteam-turbine discs,- into-a See substitute mass of 
known coagnith which is conceived as acting at. the_place occupied by 
the outermost.‘mass. The intersections of the Rn buted. with the axis of 
abscissas are cOmputed for this substitute mass instead of the seven to 
eight or moré separate masses. : Much time isi thereby: saveilss:s) 

The substitute masa isi different’ for:.each. rate of oscillation sind des 
creases ‘a8 the rafé of oscillation increases, .This.can easily:be ascertained 
for a given installation: by drawing the force: polygons for: from three: to 








(atthe most). five different; arbit assumed rates of oscillation. which 


will represent. thei nature-of; the ions, ‘but onlyi/from: ‘the first: mass 
Gs ae © the baurargsscre sa crank) to the first heavy — —_ as ~ 
fly-w : tt t 3g 
Figure 1 shows: the distribution of masses. ina sie-cylinder. Diesel ‘ienghhe 
with a'compressor.crank.and three appended -heavy. masses.: ia the mass 
mde, the. compressor ‘crank, 4m, to. an’ ithe; sy pea epee Sig Sew mua; the 
heavy masses.’ Let all gnasses be reduced:to, the/radins.r, sie lengths toa 
valorer tans shaft. diameter, having: the polar. ‘moment ‘of ‘inertia: Ja: Let the 
amplitude of \osqillation; of my be| ‘equal to :mem forall irates-of oscillation. 
We next ascertain the amplitude of oscillation. as a, for, the mass ama ‘by 


oG 
plotting in. a: gdiagram-of. forces, Fig: 2 forthe polar height B= (in 
which Gis the shearing strength’ “ Schubkraft”. of the shaft steel), the force 


2hnss ei tloittw ft 
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‘of inertia ‘T, = n,: 0’ ajand by drawing the parallel A: Ay-at:01,' |: ‘is then 
the angular velocity corresponding to the rate of oscillation n. For Ts==m, 
@’ a: we have ‘point 2: in the diagram of ‘forces arid -with it as parallel, the 
section “A, ‘Ai’ of the oscillation curve.’ We proceed in this manner ‘and 
finally reach the point of intersection 'B of ‘the oscillation’ curve with: the 
location of the’ first heavy ‘mass ms. If ‘we now’ corinect ‘the points Ai and 
B by @ straight tine ‘(broken line m°Fig. 1) and in ‘the diagram ‘of forces 


Lig ht Masses. Heavy fassée: 
wh se iets 


































directly if: we plot a: force of i 
T’ in’ this:connection is always smaller than 2 (Ts.....Ts): for the reason 
that the inclination’ which the straight line A, B makes with the zero line, 
‘dt least:for’ the rates of oscillation under consideration here, must always 
be Jess: than the inclination of the last straight section'of the broken oscil- 
lation curve AB: o3 av EIOS ; 

We now compute for certain rates of oscillations assumed to be at ‘suit- 
able distances: from each other n,m, m, etc.,(for example, n = 1,000, m 
=.3,000; 13. == 5,000, m == 7/000); the ‘oscillation’ curves: Ai’'B, ‘A; Bi, ‘etc, 
by the:aid of the forces of inertia Ti to T; up to the first ‘mass ms, draw 
the straight lines AB, A, B,,:¢te., and ‘in the diagram of forces the: par- 
allels: to them OC; 0: C,ete., Figs. 2/and 3, Forces of inertia T’, T’,, ete., 
are thus*marked: off which stand ‘in a'definite relation to 2 (T::...T:). Tf 
we now’ take:the quotients ' “i 

cal 2 (Tass. Tr) ’ 
wrbenibeeys tyne for the different rates of oscillation’ and ' plot 
these quotients above: the rates of oscillation n, we obtain ‘the ‘cutve 
X=f (n), Fig. 4, which descends as the rate of oscillation increases. 








: 
‘3 
‘f 
: 
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It: still remains' to ‘ascertain the substitute mass: m+’ acting at 1. It will 
be found from the general equation T = mo’ a; which for mi’ reads: 
Tit = mi—a' 0? a1. 

w’. will: be determined by: the choice: of n>: Ti—’ will be taken from the 
diagram: of forces,:''We thus: obtain— 


: Ti’ 
re 
@ a1 





kg sk*/cm. 


, 
M—1 


If we plot y =——————- above n, we obtain a sqcond curve descend- 
= (m...m:) 


ing with increasing », y=@ (n), Fig. 4, by which the substitute mass 
Ser catt be computed for each rate of rotation since 3 (mm... .« m:): is 
own. 


20 
49 = m,- 
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97 : ale fod 
16 
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4 
13 
42 
if 
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fig. 4 


In computing the characteristic rates of rotation we first work with the 
masses #1—1', ms, me and mio The subsequent calculation follows soc 
ordinary process. We merely substitute form, the value y E(m.. 
in doing which y will be taken from the curve y=q@ (mn) for the rate op 
oscillation in question and we get with T:—1’ = y = (m....ms). @' a’, also 
the direction A: B, The masses m2 to m do not appear in the subsequent 
calculation. In computing the direction of the whctiong 6-0 8—9 of’ the oscilla- 


tion curve, it is only necessary to see to-it that the force’ of inertia ms was 
is not ‘applied ‘atthe terminal point “ Tit butvat: the terminal point 
=(Ti....Tr) which will ‘be: obtained from ZT wTiy= X Ti! by 
the aid ‘of the curve ¥ = f'(m). After reaching ’ Tie & iy dw we auto- 
matically: obtain the residual force R in its true one 
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Figures 5 to’ 7 show ‘the: graphic computation of the characteristic 
rate of oscillation of the first degree ina ship dynamo: with opposed cylin- 
ders supplied by the A. E.G. for the steamer Bismark under construction 
by Blohm & Voss. It/is surprising how few lines are required after ascer- 
taining the curves x and y, to find the intersection of ‘the R—n curve with 
the zero line. For n = 4,000 there is still a positive residual force; for 




















Fig. 5102 
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n == 4,500 it has already become negative as shown by the direction of, the 
terminal tangent; .the characteristic rate of oscillation of the first. degree 
must; lie. -between jthese two. It amounts to 4,440. The most dangerous 
critical rate of rotation of the first degree second order, (since the. engine 
has. two, cylinders) -lies \at,,2,220. revolutions Pes <aatante: It, lies so high 
that no resonafice of any kind is to be feared throughout the entire rota- 
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tion field of the engine (n == 400). In fact no resonance was at any time 


indicated by the torsiograph and the running of the engine was entirely 
smooth an a 
The above ibed process, -the great accuracy of which can ‘be at- 


tained only by-a graphic process, will be found most_useful in the calcu- 
lation of the critical rates of rotation of all multi-crank internal combus- 
tion engines, but it can also be used, for example; in investigating the tor- 
sional dscillations of steam turbines with reduction gear. In stch cases 
all the wheel discs of the turbine are combined in a single substitute. mass 
acting on thefirst rotor and by means of this substitute’mass the pinion 
gear wheel.and other gyrating masses are momupuped. 

Finally, an example will be given of a method of quickly apernaieing 
the equivalent length. of the cranked portion of shafts, t.¢., the length o 
cranked “portion. which bears the same relation ‘regarding’ torsional vibra- 
tion as a plain shaft of circular cross section. ..This process—with a few 
modifications—is based upon the formulae futnished by Geiger. - Table No. 


Numerical table I. 
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1 gives first the principal dimensions of the cranked portion of the shaft 
which will be needed for the calculation and then a few intermediate values 
which will ap in the subsequent work. The values fora, b, h, R, d and 
qd; chsieapat the mass lines incorporated in, Figs. 8 and 9. Jo is the 
polar moment of inertia of. the shaft diameter, to which 9» the moment 
_ Of inertia of the crank webs (cheeks) are to be reducéd: The index p 
indicates a polar moment of inertia and the index ax an-axial offe. The 
exponents KZ and W indicate that the quantity in question relates to the 
crank pin and crank webs, hence Fs relates to the cross section of the 
crank pin. If the latter is hollow.account must be taken of this fact. 

In Table No. 2 & is. the tity sought, whose development is por- 
trayed in the table. Comparison with Geiger’s deductions shows that k 
is used here in a different manner from what it.is.in Geiger’s work. In 
our case k has the Le gol sical. meaning ofthe lever arm by which 
the torque M conveyed through a doubly. supported cranked portion must 


be divided in order to obtain the bearing--pressure-A, M and A do not 


occur mathematically in either the calculation Of thé reduced length of 


















Fig. Band 9 


Numerical table ZZ. 
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Wfumerical “table II. 

1) Bbpag = 72 25 re promote tp Ge 
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the crank or in determining the characteristic rates of oscillation, although 
k is used in the former of these two operations. In Table 3 k appears in 
members 4 'to'9. In this case*the reduced lengths of the: individual parts’ 
resulting from torsion, flexure and displacement of crank pins and cheeks, 
are to be computed. Members 1 to 8 are ‘to be used with a positive sign, 
member 9 with a negative one...The sum gives the. reduced. length of ‘the 
- cranked portion sought. The numerical calculation is so simple that it can 
be carried out even by slightly traitied assistants. 
The torsional elastic length of the crank cheeks (11). in. Table 1:and No, 
8 in Table 3) is represented by R—O, 5d, a value which showed a remark- 
able agreement between the measured and computed torsion inthe fumer- 
ous experiments carried out by the A. E.G. 
ie “ degen’ — — be esa hapa for determining ‘the — ; 
OL :¢ ts of engines. wi tons running in opposite direc- 
tions, although the deductions are considerably more complicated owing 
nd kate ecole teleaeaine caoe - em agen 
ve,.to made jis consi greater, 1S, ction 
very gratifying agreement was found between if chicaletion and the 
actual experiment. ‘The calculations are not cmeeheial here, however, as: 
this type of construction is. now but little used in Germany. This is quite, 
contrary to the practice in id’ and Ai f is 
, again receiving increased: attention.“ Zeitschrift, des Vereines + sort 
Ingenieure,” January 15, 1921, page 67. 
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GEORGE F. KUTZ. 


Chief Engineer-George F. Kutz died. at San Francisco on 
the 11th of August, 1921, at the ripe old age of 84, from a 
general breaking~ down.. He. was born, .in ~Wilkesbarre, 
Pennsylvania, in 1837, and, after his schooling, she learned the 
machinists trade, with a view to becoming jamsengineer in the 
Navy. He took a post-graduate course in the*rmachine .shop 
at the Washington Navy Yard, and worked on’the engines of 
the steam frigate-Minnesota in/1855. 

He entered the Engineer-Corps in June, 1856, in a class of 
ten, Standing No. 2 in that class, and was not quite 20 years 
of age. His first order was to the frigate, Niagara;.whith 
vessel, with the British frigate-Agamemnon, laid the first At- 
lantic. cable. .The, Paying..out. gear was the invention, and 
design, of Chief Engineer Everett of the Niagara. The vessel 
was so low in the water, from the great weight of the cable, 
that the British press expressed fear of her safety. Bad 
weather made the voyage a hazardous one, 

Mr.’ Kutz ‘was sent to the Atlanta from the Niagara, in 
which vessel he went in. the famous Paraguay. expedition, an 
expedition ‘hurriedly organized, and composed of small pur- 
chased vessels of questionable sea-going qualities. Mr. Kutz 
acted as, chief engineer of the Atlanta, and though so young 
he’ was one of the most resourceful engineers in the little fleet, 
and was. ever.-self-reliant.. He was promoted. from,a third 
assistant to a ‘first, assistant engineer (which was unusual) 
and sent to the Saginaw, a very ‘small side-wheel vessel being 
built at San. Franciseo for use on. the China and India station, 
where’ she could ascend’ the rivers iti’'safety. 
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At the breaking out of the Civil War, in 1861, the Saginaw 
was ordered home, when Mr, Kutz was promoted to Chief 
Engineer and. ordered to: the: Monongahela, a large, high- 
powered steam sloop, which vessel:was in the drastic fighting 
at New Orleans, Baton Rouge, Grand Gulf, Mobile, ete. 

After the war he served in the Ticonderoga in ‘the Mediter- 
ranean, then in the flagship Pensacola, and in the Benicia in 
the Pacific, and later in the flagship Tennessée.'\ He »wasi'a 
long time Chief Engineer at the Mare Island Navy Yard, and 
he served on the Board of Examiners at Philadelphia for sev- 
eral years, and retired, voluntarily, in 1896, with the rank 
of rear admiral. 

It was the writer’s fortune to sail with him in the flagship 
Pensacola in 1872-3, in the Pacific, at a period when much 
of the cruising was done under sail, keeping the sea for many 
days, which is wearing on the best of us. It was remarkable 
how bright and cheerful Mr. Kutz was, when others were 
weaty and peevish; his bright, witty remarks, good nature, 
and happy disposition made him the life of the ward room 
mess, One day the fleet surgeon was lamenting over the long 
voyage, for the vessel had then been 37 days close hauled on 
one tack, in the trades, without any change in the sails (ex- 
cept now and then to taughten a brace or a halliard), and Mr. 
Kutz turned with his happy face and said: “ Why, Doctor, 
there are people at Cape May at this very time paying $15.00 a 
day for less pleasure than this.” 

Though by no means a large man, he was spunky and 
pugnacious, with a keen sense of right, never aggressive, but 
quick to defend. He had many words at easy command, and 
never failed to use exactly the correct word to express his 
thought. He detested a mean man or a mean act; he was as 
free from jealousy (that faculty that makes nearly all the 
trouble). as any man the writer ever knew. He was as par- 


ticular to commend a -proper act as he was to condemn a’ 
fault. 
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He was an indulgent husband, a generous and affectionate 
father... He \is:survived by three ‘sons, one of whom»is.a pay 
officers and! another .a lieutenant! in the service; and by one 
daughter, a remarkably beautiful woman, who is the wife: of 
a retired, officer! in the Marine Corps. 

For \several years: we have looked upto Kutz as the: last of 
he “-old‘chiefs,’ 7,.¢., the men, who were chief engineers :dur- 
ing the Civil War, 

“ One by, one the roses fade.” 


G. | W.B.> 
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BOOK REVIEW. 





A MANUAL oF Marine ENGINEERING, A. E. Seaton. (D. 
Van Nostrand'Co.) ‘The ‘high character’ of this book “has long 
been known to the Marine Engineering world’ and its popu 
larity has been attested by the riumber of ‘editions that have 
been required, But during the past ten years,,marine. engi- 
néering has undergone some remarkable changes and.it is,not 
believed that these are adequately covered by the last edition. 
In its present form, the book should be regarded more as a 
history of past performances: than as a — of b seca 
practice, 
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ASSOCIATION: NOTES. 


The.regular meeting of the Society was held.at Washington, 
D,,.C.,,om, Tuesday, October..4;,1921. The, following, were 
nominated. for officers for, the wat 1922: tices 


. “For Président: 
Rear Admiral C.'W: Dysbit v. $.'N. 


. Bor Secretary-Treasurer; q ett nl 
‘Commander ‘S$. M: Fiebienss) Ui Su N. rrodeit 
Commander F. J. Cleary, U. S, N. Hosa 


For Member of Council: 


Rear Admiral B. C. Bryan, U. S. N. 
Captain Robert Stocker (CC), U. S. N. 
Captain F. L. Pinney, U. S. N. 

Captain E. C. Kalbfus, U. S. N. 
Captain P. B. Dungan, U. S. N. 
Commander S. C. Hooper, U. S. N. 
Commander R. A. Spruance, U. S. N. 
Commander H. S. Howard (CC), U. S. N. 
Lt. Commander M. R. Daniels, U. S. C. G 
Lieutenant H. F. Johnson, U. S. C. G. 








Commander F. J. Cleary declined to allow his name to stand 
for Secretary-Treasurer. 

The President was authorized to appoint a committee to con- 
sider and present to the membership of the Society a revision 
_of the By-Laws. 

A vote of appreciation was tesidend Commander J. S. 
Evans, U.S. N., for his splendid work as Secretary-Treasurer 
of the Society. 
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It was voted to place before: the membership the matter: of 
holding a banquet during’ 1922. . Provision for voting on this 
proposition was made on the ballot for officers. . 

Votes for officers will be counted at a meeting of the So- 


ciety to be held at the any ‘Departntent on rion Decem- 
ber 30, 1921. 





Ata meeting of the Council of the Society held on ‘Octo- 
ber 4, 1921, Commander J. S. Evans, U.S. N., tendered his 
resignation as Secretary-Treasurer, due to his detachment 
from duty in Washington. The Council appointed Commander 
S..M. Robinson, U. S. N., Sectétary-Treasurer for the unex- 
pired term of Commander Byam 





he following new mémbers and ‘associates tive joined the 
‘Society since the publication of the last JouRNAL : | di 


- MEMBERS. 


Alford, T. N., Lieutenant Commander, U. S. N. 
Brandt, B. F., Ensign, U.S. N. 

Connolly, Joseph A., Ensign, U. S. N. 

Cullen, J. J., Lieutenant, U. S. N. 

Curtin, L. W., Ensign, U.S. N. 

‘Dessez, J. H. S., Lieutenant Commander, U. S. N. 
Lake, Burton G., Ensign, U. S. N. 

Leighton, Bruce G., Lieutenant Commander, U. S.N. 
Livingstone, W. G., Ensign, U. S. N. 

Lynch, John F., Ensign, U. S. N. 

McNamar, J. A., Ensign, U. S. N. 

Mackay, W. E., Lieutenant, U. S. N. 

Merrill, A. S., Lieutenant Commander, U. S. N. 
Marphy, E. J. A., Lieutenant, U.S. N. 

Nelson, A. D., Ensign, U.S. N. . 
Perlman, Benjamin, Lieutenant Commander, U. S. N. 
Pickhardt, A. V. S., Lieutenant Commander, U. S. N. - 
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Porter; Williarn:Hi;Laeuténant: Commander, US.-Ni 1) 
Roberts, )f Ay Jn, Ensign, US.) Nein) fo xd Ragporcbhorl 
Smith, C. ers RES SiN. »bart esw moiizoqowg 


ASSociATES. 


Boyd, W iiligm; Managing Director, Workman, Clark & Cay 
Ltd.,' Belfast, Ireland. : 
Gardner, Thomas, Chile Exploration Co., Tocopilla, Chile. 
Hehre, F..W..,.Professor, ; Electrical Engineering Depart: 
ment,.Columbia University, New York City. ore 
Taylor, H. B., Chief Turbine. Engineer, U, S. ‘Siig 
Board, 45 Broadway, New York City, | cai 


- 


The Secretary again brings’ to the attention of every mem: 
ber the necessity of keeping him advised as to all CHANGES 
IN ADDRESSES..;.In_ no other. way, may, you be natured‘ of 
receiving your JOURNAL, promptly... 


* 








